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ABSTRACT
In v e s t ig a t io n s  were made concerning su b le th a l e f f e c t s  o f  
ten  s e le c te d  organophosphate and carbamate in s e c t ic id e s  on channel 
c a t f i s h ,  Ic ta lu r u s  punctatus (Walbaum), to  determ ine (1) a c e ty l­
c h o lin e s te r a se  (AChE) in h ib it io n  potency and recovery c h a r a c te r is t ic s ,  
(2) r e la t io n s h ip s  o f  AChE in h ib it io n  to  exposure tim e, con cen tration  
and symptom appearance. The p r a c t ic a l i t y  o f  using f is h  brain  AChE 
as a monitor for  organophosphate and carbamate in s e c t ic id e s  was a lso  
s tu d ie d .
Acute t o x ic i t y  (24 hr LC^gts) o f  the t e s t  in s e c t ic id e s  to  
channel c a t f i s h  (x = 8 .5 4  gms) were ( in  ppm): Dursban (0 .1 6 ) ,
methomyl ( 0 .9 2 ) ,  a ld ic a rb  ( 1 .6 ) ,  carbofuran ( 2 .0 3 ) ,  azinphosm ethyl 
( 3 .9 ) ,  m ethyl parath ion  (9 .3 6 ) ,  m alathion (1 0 .0 ) ,  carbaryl (1 1 .5 ) ,  
d icrotop h os (1 3 .0 ) and monocrotophos (7 0 .4 ) .
Channel c a t f is h  h eld  in  5000 l i t e r  p oo ls  were su bjected  to  
su b le th a l exposures o f  each in s e c t ic id e  to  determ ine potency of 
b ra in  AChE in h ib it io n  and in h ib ite d  enzyme recovery r a te s .  AChE 
in h ib it io n  p o ten c ie s  ( in  ppm estim ated  to  e f f e c t  50% in h ib it io n  w ith  
s t a t i c  exposure co n d itio n s ) were: Dursban (0 .0 0 9 ) ,  methomyl (0 .0 1 6 ) ,
carbofuran ( 0 .1 9 ) ,  azinphosm ethyl ( 0 .5 ) ,  a ld ica rb  (0 .3 1 5 ) , d icrotophos  
( 1 .0 ) ,  m ethyl parath ion  ( 1 .0 5 ) ,  m alathion ( 1 .8 ) ,  carbaryl ( 2 .0 ) ,  and 
monocrotophos ( 5 .0 ) .  Brain AChE in h ib ite d  80-90% by carbamates
x v i
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recovered (under s t a t i c  pool co n d itio n s) to  80% o f  the normal 
a c t iv i t y  in  6-10 days (w ith methomyl and a ld ic a r b ) . Comparative 
r a te s  (days) fo r  organophosphates were: m ethyl parathion (20 to  3 0 ),
m alathion (10 to  4 0 ) , d icrotophos (13 to  2 2 ) , azinphosm ethyl (3 5 ),  
and Dursban (4 8 ) . AChE recovery r a te s  were g en era lly  more rap id , 
w ith exception  o f  methomyl, m ethyl parathion and m alath ion , when 
pool trea ted  f i s h  were removed to  in s e c t ic id e - f r e e  water in  aquaria 
(near optimum recovery co n d itio n s) than those in  f i s h  remaining in  
pool treatm ent water (near minimum c o n d it io n s ) . However, aquarium 
recovery r a te s  were slowed in  some cases by apparent r e le a se  o f  
a c t iv e  in h ib ito r s  in to  the w ater.
S c o l io s i s ,  a la t e r a l  curvature o f  the sp in e , u su a lly  w ith  
lo c a liz e d  hemorrhaging, was e f fe c te d  in  channel c a t f is h  by a l l  10 
in s e c t ic id e s  a t  su b le th a l co n cen tra tio n s . Calcium d ep o sitio n  and 
fu sion  o f 2 to  4 vertebrae were observed in  f is h  v er te b r a l columns 
9 months p ost-trea tm en t.
Channel c a t f is h  AChE _in v iv o  in h ib it io n  r e la t io n sh ip s  to  time 
o f exposure, to x ica n t co n cen tra tio n , and symptom appearance were 
stud ied  in  sh ort term aquarium exposures. Carbamates rap id ly  e f fe c te d  
maximum in h ib it io n  ( in  2 hours) which was then m aintained u n t i l  
recovery began. Com paratively, organophosphates e f fe c te d  maximum 
in h ib it io n  in  2-8  hours (m alathion) to  168 hours (m onocrotophos). 
Increased in h ib it io n  by a l l  in s e c t ic id e s  was observed to be 
p o s it iv e ly  r e la te d  to to x ica n t con cen tration  and, e s p e c ia l ly  in
x v i i
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the organophosphates, time o f  exposure.
S eq u en tia l to x ic a t io n  symptoms and a sso c ia te d  (not n e c e s sa r ily  
c a u sa tiv e )  in h ib it io n  ranges were: h y p e r a c t iv ity  (35-75%), le th argy
(66-80% ), body p a r a ly s is  (65-86% ), s c o l i o s i s  (62-89%), lo s s  o f  
eq u ilib r iu m  (78-92%), opercu lar and mouth p a r a ly s is  w ith  ensuing  
death (50-95% was maximum range but u su a l range was 65-85%).
P r a c t ic a l i t y  o f  using  f i s h  brain  AChE to  monitor organo­
phosphate and carbamate in s e c t ic id e  contam ination o f  w aters 
d ra in in g  2 L ouisiana agroecosystem s was in v e s t ig a te d . F ish  
c o l le c t e d  from a sugarcane agroecosystem , where azinphosm ethyl had 
been ap p lied  for  sugarcane b orer, D iatraea sa cch a ra lis  (F » ), 
c o n tr o l, su sta in ed  s ig n i f ic a n t  in h ib it io n  (83% in  b lu e g i l l ,  Lepomis 
m acrochirus; 43% in  channel c a t f is h ;  and 22% in  g izzard  shad, 
Dorosoma cepedianum ). F ish  c o l le c te d  from th ree  s i t e s  in  a c o tto n -  
soybean agroecosystem  ex h ib ite d  AChE in h ib it io n  (17-59% in  b lu e g i l l ,  
25% in  g izzard  shad, and 0% in  channel c a t f is h )  la te  in  the growing 
season  (August 24) when m ethyl parath ion  r e c e iv e s  maximum u se . Thin 
la y er  chromatographic d e te c t io n  o f azinphosm ethyl and m ethyl para­
th ion  r e s id u es  in  whole channel c a t f is h  confirmed exposure o f  f i s h  
from the sugarcane and cotton -soybean  a rea s , r e s p e c t iv e ly .  F ish  
brain  AChE has p o te n t ia l fo r  u t i l i z a t io n  as a monitor fo r  organo­
phosphate and carbamate in s e c t ic id e s  pending p e r fe c tio n  o f  
techn iques and e lu c id a t io n  o f v a r ia b le s .
x v i i i
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INTRODUCTION
Organophosphate and carbamate in s e c t ic id e s  became primary to o ls  
for  in s e c t  c o n tro l during th e  p a st decade, rep la c in g  the organoch lorine  
compounds in  many in sta n ces  fo r  a v a r ie ty  o f  reason s. Often they were 
more e f f e c t iv e  or e f f i c i e n t  than th e o rgan och lor in es , or overcame 
in s e c t i c id a l  r e s is ta n c e  a t  l e a s t  tem p orarily , or circum vented res id u e  
problem s, or in  a few ca ses  provided grea ter  s e l e c t i v i t y .  Ever more 
s tr in g e n t  le g a l  r e s t r i c t io n s  on organ och lorin es has a c c e le r a te d  th e ir  
replacem ent by organophosphate and carbamate in s e c t i c id e s .  The use  
o f  th ese  " so ft  or n o n -p e rs is te n t"  in s e c t ic id e s  has been p referred  
by e c o lo g is t s  as an a lt e r n a t iv e  to  th e u se  o f  th e  "hard or p e r s is te n t"  
organoch lorine in s e c t i c id e s .  However, some workers (Muncy and 
O liv e r , 1963; Weiss and G a k sta tter , 1964a; and Sm ith, 1966) have 
demonstrated th a t c e r ta in  organophosphate in s e c t ic id e s  are more 
p e r s is te n t  in  w ater than was o r ig in a l ly  thought. In a d d it io n , the  
mode o f  a c t io n  o f  organophosphate and carbamate in s e c t i c id e s ,  i . e .  
in h ib it io n  o f  a c e ty lc h o lin e s te r a s e ,  im parts th e p o te n t ia l  for  su b le th a l  
or chronic e f f e c t s  from in te n s iv e  use o f  th ese  compounds.
Another problem a sso c ia te d  w ith  the use o f organophosphate and 
carbamate in s e c t ic id e s  i s  th e  la ck  o f an adequate method to  m onitor 
contam ination . The d i f f i c u l t y  a r i s e s  from the fa c t  th a t the m etab olic  
products o f  th ese  compounds are numerous and u su a lly  do not resem ble
1
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the parent compund (M enzie, 1969). A m onitoring method based on the 
use o f  f i s h  b ra in  a c e ty lc h o lin e s te r a s e  to  d e te c t  p resen t or p ast  
exposure o f  f i s h  to  a n t i- c h o lin e s te r a s e  m a ter ia ls  in  water has been 
proposed by Weiss (1959 , 1961, 1965) and Weiss and G akstatter (1964b). 
This method i s  based on the h y p o th esis  th at departures from normal 
enzyme a c t i v i t y  would c o n s t itu te  ev idence o f  contam ination . Therefore  
i t  would serv e  a s  a m onitor for  a l l  a n t i-c h o lin e s te r a s e  in s e c t ic id e s  
and would enable d e te c t io n  o f exposure ea r ly  in  the to x ic a t io n  process  
There i s  p r e se n tly  a con troversy  concerning the u se fu ln e ss  o f  th is  
method; however, on ly  lim ite d  f i e l d  t e s t s  to  determ ine i t s  a c tu a l  
f e a s i b i l i t y  and p r a c t ic a l i t y  have been reported .
There has been r e la t iv e ly  l i t t l e  research  done on the e f f e c t s  
or organophosphate and carbamate in s e c t ic id e s  on f i s h .  This p o in t  
can be d ra m a tica lly  i l lu s t r a t e d  by r e fe r r in g  to  recen t review s o f  the  
l i t e r a t u r e  concerning th e e f f e c t s  o f  in s e c t ic id e s  on f i s h  and w i ld l i f e  
by Johnson (1968) and Cope (1 9 7 1 ).
The need fo r  e x te n s iv e  resea rch  to  determ ine th e e f f e c t s  o f  
organophosphate and carbamate in s e c t ic id e s  on f i s h  i s  obvious. A 
resea rch  p r o je c t  was th e r e fo r e  designed  w ith  s p e c ia l  emphasis to  be 
p laced  on s u b le th a l e f f e c t s  o f th e se  chem icals. The major o b je c t iv e s  
w ere: ( 1) to  compare s e le c te d  organophosphate and carbamate in s e c t ­
ic id e s  w ith  r e sp e c t  to  potency o f  a c e ty lc h o lin e s te r a s e  in h ib it io n  
and recovery  r a te  o f  the in h ib ite d  enzyme in  channel c a t f i s h  (2) to  
conduct a p relim in ary  study o f  th e  r e la t io n s h ip s  o f  in  v iv o  
a c e ty lc h o lin e s te r a s e  in h ib it io n  to  tim e o f  exposure, co n cen tra tion s o f
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the s e le c te d  to x ic a n ts ,  and symptom appearance in  channel c a t f i s h  
and (3) to  determ ine the p r a c t ic a l i t y  o f u s in g  f i s h  brain  
a c e ty lc h o lin e s te r a s e  a c t iv i t y  to  m onitor organophosphate and 
carbamate in s e c t ic id e  contam ination o f  w aters d ra in in g  two L ouisiana  
agroecosystem s.
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REVIEW OF LITERATURE
German war gas research  in d ir e c t ly  r e su lte d  in  the development 
o f  organic phosphorus in s e c t ic id e s .  Gerhard Schrader did much o f  
the ea r ly  work (1934-1947) on organophosphate in s e c t ic id e s  and, 
s in c e  th e p u b lic a tio n  o f h is  s tu d ie s  in  1947, thousands o f phosphorus 
compounds o f many typ es have been evaluated  for  in s e c t ic id a l  
p r o p e r tie s . A v a r ie ty  o f  carbamic ac id  e s te r s  have been known for  
many years to  be h ig h ly  to x ic  to  mammals. However, i t  was not 
u n t i l  1946 th a t advantage was taken o f th e  in te n se  p h y s io lo g ic a l  
a c t iv i t y  o f t h is  c la s s  o f compounds for the development o f  in s e c t ­
ic id e s  by the Geigy Company (M etca lf, 1955).
Mode o f  A ction  o f Organophosphate and Carbamate I n s e c t ic id e s
Current ev idence in d ic a te s  th a t th e  acu te t o x ic i t y  o f the 
organophosphate and carbamate in s e c t ic id e s  to  a l l  c la s s e s  o f  
v erteb ra tes  can be exp la ined  by the in  v iv o  in h ib it io n  o f a c e t y l­
c h o lin e s te r a se  (AChE) (Murphy e t  a l . ,  1968).
A ce ty lc h o lin e  (ACh) i s  th e  tra n sm itter  substance or syn aptic  
m ediator which i s  r e sp o n sib le  fo r  carry in g  the nerve im pulse across  
the nerve synapse, neuromuscular and nerve-g landu lar ju n c tio n s .
A fter  the ACh has performed i t s  fu n c tio n , i t  must be removed 
im m ediately. AChE norm ally performs the ta sk  o f hydrolyzing  ACh
4
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a few m illis e c o n d s  a f t e r  i t  has been re lea sed  and has accom plished  
i t s  fu n ction  o f  tra n sm ittin g  the nerve im pulse. Accumulation o f  
ACh in  the reg io n  o f  th e  synapse or ju n ctio n  w i l l  r e s u lt  in  continuous 
s t im u la tio n  o f  the ACh r e c e p to r s . This stream  o f  ra p id , continuous  
p ost syn ap tic  d isc h a r g e s , f in a l l y  throw th e nervous system  in to  
te tan ic  p a r a ly s is  and ev en tu a lly  cause death o f  th e organism. 
T h erefore, in h ib it io n  o f  th e  ACh hyd ro lyzing  enzyme (AChE) lead s to  
accum ulation o f  ACh w ith  d isa s tr o u s  consequences (O 'B rien , 1967,
1969; M etca lf , 1955).
K in e tic s  o f  AChE A ctio n
AChE i s  re sp o n sib le  fo r  in stan tan eou s removal o f  ACh from the  
synapse. ACh i s  hydrolyzed by AChE to  produce c h o lin e  and a c e t ic  
a c id . I t  i s  customary to  rep resen t th is  r e a c t io n  in  the fo llo w in g  
manner:
Ef  +  S ES-o Ef  + P
This equation  shows th a t th e  fr e e  enzyme (Eg) forms w ith  the  
su b stra te  (S) a r e v e r s ib le  complex (ES) which can a ls o  breakdown 
to  y ie ld  the fr e e  enzyme and th e h y d ro ly s is  products (P) (Gage,
1961).
K in e tic s  o f  AChE I n h ib it io n
O'Brien (1969) g iv e s  a g en era lized  scheme o f th e  r e a c t io n s  o f  
AChE and organophosphate or carbamate in h ib ito r s .  In  th e fo llo w in g  
r e a c t io n  scheme, CX rep resen ts  th e  gen era l formula o f  A C hE -inhibiting
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6in s e c t ic id e s  where C i s  the in s e c t ic id e  m oiety  th a t a tta c h e s  to  
AChE (su b s t itu te d  phosphoryl for  organophosphates or s u b s titu te d  
carbamyl for  carbam ates), X r ep re se n ts  th e  remainder o f  the  
in s e c t ic id e  m olecule ( le a v in g  group), and E rep resen ts  th e  enzyme 
(AChE). There are th ere fo re  3 s te p s :  (1 ) a r e v e r s ib le  complex
form ation (2 ) p h osphorylation  or carbam ylation and (3) h y d ro ly s is  
o f the phosphorylated or carbam ylated enzyme to  y ie ld  fr e e  enzyme.
The in a c t iv e  en zym e-inh ib itor  complex (CXE) can e ith e r  be s lo w ly  
hydrolyzed to  r e v e r t back to  the a c t iv e  enzyme (Step  1) or be s lo w ly  
converted  (Step  2) to  an alm ost ir r e v e r s ib ly  in h ib ite d  enzyme (CE). 
The r a te  o f  reg en era tio n  o f  fr e e  enzyme (S tep  3) i s  very  much slow er  
than th e  r a te  o f  in h ib it io n .  Carbamylation by carbamates o f the  
AChE m olecule forms a weakly s ta b le  com plex, more p e r s is te n t  than  
the corresponding a c e ty l  complex formed during th e normal h y d r o ly s is  
o f ACh, but much le s s  p e r s is t e n t  than th e complex formed during  
phosphorylation  by organophosphates (O 'B rien , 1969; Gage, 1961).
Inherent w ith in  th e r e a c tio n  o f  AChE w ith  ACh are sev era l  
p r in c ip le s  from which a n a ly t ic a l  methods can be d er ived . Reviews
CX
Methods o f  AChE A n a ly sis
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d e sc r ib in g  AChE a n a ly t ic a l  m ethodology have been compiled by 
A u gu stin sson , 1957; Gage, 1961; Englehard e t  a l . ,  1967; and 
W itter , 1963.
The method developed by H estr in  (1949) i s  used most 
freq u en tly  in  f i s h  AChE a n a ly s is  (W eiss, 1958, 1959, 1961, 1965;
Weiss and G a k sta tter , 1964b; W illiam s and Sova, 1966; Holland e t  a l .  , 
1967; H azel, 1969; Baslow and N e g r e l l i ,  1964; Gibson e t  a l . ,  1969; 
and H a z e lt in e , 1962, 1963). H e s tr in 's  method i s  based on th e  
measurement o f  unchanged ACh (su b s tr a te )  which r e a c ts  w ith  an 
a lk a lin e  hydroxylam ine s o lu t io n  to  g iv e  acetylhydroxam ic a c id ,  
whose f e r r ic  iro n  complex i s  then  determ ined p h oto m etr ica lly  
(Englehard e t  a l . ,  1567). T his method i s  s u ita b le  for  ro u tin e  
a n a ly t ic a l  work; however, the r e a c t io n  cannot be fo llow ed  on a 
tim e-cou rse  b a s is  s in c e  the r e a c ta n ts  are incubated for  a s e t  tim e, 
then  stopped and d eterm in ation s made a t  t h is  p a r tic u la r  tim e o f  
in cu b ation  (EHiaan e t  a l . ,  1961 ).
The manometric method, f i r s t  d escr ib ed  by Ammon in  1933 and 
m od ified  many tim es (a s  review ed by A ugu stin sson , 1957), has been 
used in  f i s h  AChE d eterm in ation s (Murphy e t  a l . ,  1968; Murphy, 1966; 
H azel, 1969; Hogan and Knowles, 1968a, 1968b). This technique employs 
th e  Warburg apparatus to  measure the CO2 lib e r a te d  from NaHCO-j by 
a c e t i c  a c id  formed in  th e enzym atic r e a c t io n . This method i s  one o f  
th e most a c c u r a te , r e l ia b le ,  and v e r s a t i l e  methods fo r  AChE d e te r ­
m in ation s (W itter , 1 9 63 ), y e t  i t  has th e  d isadvantage o f  being  too  
tim e consuming fo r  r o u tin e  a n a ly t ic a l  work.
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Other methods are based on th e  c o lo r im e tr ic  or e lec tro m etr ic  
d eterm ination  o f  the s l ig h t  change in  pH caused by the lib e r a t io n  of 
a c e t ic  acid  in  a b u ffered  medium. M ichel in  1949 f i r s t  c a lcu la ted  the  
a c t iv i t y  o f th e c h o lin e s te r a se  from th e pH change per u n it o f  time 
(A ugustinsson , 1957). A lte r n a te ly , th e pH i s  kept constant by 
con tin u ou sly  n e u tr a liz in g  th e a c e t ic  acid  w ith  NaOH s o lu t io n , the  
t i t e r  being d ir e c t ly  p ro p o rtio n a l to  the amount o f  ACh hydrolyzed  
by th e enzyme. An accu rate  and rap id  method based on an autom atic  
t i t r a t i n g  and record in g  d ev ic e  i s  good and the experim ental co n d itio n s  
can be varied  (Englehard e t  a l . ,  1967). T his tech n iq u e, c a l le d  an 
automated pH -Stat has been used in  f i s h  AChE determ inations (Coppage,
O  1 ^  o  ^  1  A «  )OvuCix vuuuuuui.vd •
A co lo r im e tr ic  method developed by Ellman e t  a l .  (1961) has been 
p rev io u s ly  used in  a n a ly s is  o f  f i s h  AChE by Hazel (1969) and Abou-Donia 
and Menzel (1 9 6 7 ). The la t t e r  authors have m odified  th is  method 
for  autom ation. Voss (1968) d e sc r ib e s  i t  as one o f  the most 
stra igh tforw ard  methods developed for  AChE a n a ly s is .  He l i s t s  
i t s  main advantages as s im p lic i t y ,  h igh  p r e c is io n , pH constancy, 
m o d if ia b il i t y ,  a d a p t ib i l i t y  for  m icro determ inations and ro u tin e  
a n a ly s is ,  sh ort in cu b ation  tim e, continuous in crea se  in  co lo r  d e n s ity  
as a fu n ction  o f in cu b ation  tim e, and measurement o f  a rea c tio n  
product rather than th e rem aining in ta c t  su b str a te . The p r in c ip le  
invo lved  i s  th e  use o f  a c e ty lth io c h o lin e  (ASCh) as su b stra te  and 
d ith io b is n itr o b e n z o ic  a c id  (DTNB) as rea g en t. T h ioch o lin e, formed 
upon enzym atic h y d ro ly s is  o f  a ASCh reduces DTHB to  the ye llow
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9anion  o f th io n itro b en zo ic  a c id , whose absorbance i s  measured on a 
co lorim eter a t  412 m illim ic r o n s . The r e la t iv e  m erits  o f Ellm an's 
ASCh/DTNE method d ic ta te d  i t s  use in  th is  work over the more 
freq u en tly  used H estrin  and manometric methods.
Symptomatology o f  Anti-AChE I n s e c t ic id e  P oison ing
Symptomatology o f anti-AChE in s e c t ic id e  p o ison ing in  f i s h  i s  
n ot w e ll  described  in  th e l i t e r a t u r e .  Weiss and B otts (1957) described  
symptoms produced by an anti-AChE chem ical warfare agent (sa r in )  
in  th e fathead minnow (Pimephales promelas R a fin esq u e), the g o ld f is h  
(C arrassius auratus L in n .) ,  and th e green su n fish  (Lepomis cy an ellu s  
R a fin esq u e). Mount and Stephan (1967) l i s t e d  symptoms o f  m alathion  
p oison in g  on th e fathead minnow. Symptoms observed included an 
i n i t i a l  response o f  rapid d artin g  about w ith  p ro g ressiv e  lo s s  o f  
eq u ilib riu m . This h y p e r e x c ita b ili ty  was accompanied by sharp tremors 
which shook the e n t ir e  f i s h .  P ec to ra l f in s  were flex e d  a t  r ig h t  
an g les to  the body in stea d  o f  showing the u su a l back and fo r th  motion 
w h ile  m ain tain ing  b a lan ce. G i l l  covers were open w h ile  opercular  
movements became more rap id . At d eath , th e mouth and g i l l  covers 
were extended in  an open p o s it io n .  Hemorrhaging was observed around 
th e  p e c to r a l g ir d le  and th e  base o f  th e  f in s .  DeCandole e t  a l .
(1953) s ta ted  th a t a c tu a l death in  f i s h  r e s u lt s  from anoxia due to  
the p a r a ly s is  o f  th e re sp ir a to r y  system . In a d d itio n  to  the above 
o b serv a tio n s , Mount and Stephan (1967) recorded crooked backs in  dead 
or se v e r e ly  poisoned l i v e  fathead minnows. Meyer (1966) a ls o  observed
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crook t a i l s  in  golden sh in ers  (Notemigonus cry so leu ca s) exposed to  
higher dosages o f  azinphosm ethyl, Dylox ( t r ic h lo r fo n ) ,  m alath ion , 
and parath ion . The e f f e c t  was d escr ib ed  as a s c o l i o s i s  ch ara cter ized  
by an abrupt la t e r a l  curvature o f  the sp in e in  th e reg io n  ju s t  p o s te r io r  
to  the r ib  cage . Many f i s h  were observed to  develop  a compensatory 
f lex u re  to  b rin g  the sp in e back in  l in e  w ith  the lo n g itu d in a l a x is  
o f the body. D arsie  and Corriden (1959) recorded th a t k i l l i f i s h  
(Fundulus o c e l la tu s )  exposed to  m alath ion  d isp layed  a le th a r g ic  s ta g e  
in  which the f i s h  could  be m ech an ica lly  stim u lated  w ith  th e f is h  
making no attem pt to  swim away. In more severe p o iso n in g , they  
observed th a t th e body, p a r t ic u la r ly  th e  caudal peduncle, was 
se v e r e ly  bent l a t e r a l ly  and h eld  in  th a t p o s it io n .
Matton and LaHam (1969) examined the h is to p a th o lo g ic a l ly  
re la ted  damage as a r e s u lt  o f  Dylox ( tr ic h lo r fo n )  p o ison in g  in  
ju v e n ile  rainbow tr o u t. Changes were found in  th e  h ea rt, l i v e r ,  
blood c e l l s ,  p s e u d o g i l ls ,  and muscular t i s s u e s .
A cute T o x ic ity  and F actors In flu en c in g  T o x ic ity  
Of Grganophosphate and Carbamate I n s e c t ic id e s
A m a jority  o f  th e  acu te  t o x ic i t y  s tu d ie s  in  th e l i t e r a tu r e  have 
been conducted u sin g  a s t a t i c  t e s t  system . Standardized methods of 
conducting such t e s t s  (as o u tlin ed  by th e American P ublic Health  
A sso c ia t io n , 1965) were g e n e r a lly  fo llow ed .
L ite ra tu r e  p er ta in in g  to  a cu te  t o x ic i t y  o f  organophosphate and 
carbamate in s e c t ic id e s  to  f i s h  has been p a r t ia l ly  reviewed by Johnson
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(1968) and by Macek and M cA llister  (1970). Exact acu te  t o x ic i t y  data  
to  provide a d ir e c t  comparison fo r  a p a r tic u la r  sp e c ie s  and chem ical 
i s  d i f f i c u l t  to  e x tr a c t from the l i t e r a t u r e .  This i s  due to  the la rg e  
number o f  f i s h  s p e c ie s  and chem icals a v a ila b le  to  study. S p ecies  
o fte n  stud ied  in c lu d e  b lu e g i l l  su n fish  (Lepv/sris m acrochirus 
R a fin esq u e), g o ld f is h ,  and rainbow trou t (Salmo g a ir d n e r ii R ich ard son ).
Organophosphate and carbamate in s e c t ic id e s  te s te d  u su a lly  in clud e  
many o f th e numbered compounds and a ls o  many o f  th e  le s s e r  used or 
more " exotic"  in s e c t ic id e s  such as tep p , S ystox  (dem eton), EPN,
GMPA, C hlorothion , Zectran , e t c .  (Johnson, 1968).
G enerally , c h o lin e s te r a se  in h ib it in g  in s e c t ic id e s  are l e s s  
to x ic  to  f i s h  than th e organoch lorine compounds (Henderson e t  a l ,
1959; Macek and M c A llis ter , 1970; Cope, 1965; Macek e t  a l . ,  1969; 
and G ulley and Ferguson, 1969). Data in  the l i t e r a tu r e  in d ic a te  
th a t the t o x ic i t y  o f  azinphosm ethyl to  th e b lu e g i l l  su n fish  and 
members o f  the fam ily  C entrarchidae and members o f  the fam ily  
Salmonidae u su a lly  approaches th a t o f  DDT, toxaphene, d ie ld r in ,  and 
a ld r in  (Macek e t  a l . ,  1969; Macek and M cA llis ter , 1970; Henderson 
e t  a l . ,  1959; and Carter and G raves, unpublished d a ta ).
Ranges in  acu te  t o x ic i t y  to  anti-AChE in s e c t ic id e s  are extrem ely  
w ide. T o x ic ity  ranges (96 hr. LC5q) o f  0 .0 0 5 -1 3 5 .0  ppm, 0 .2 0 -1 2 1 .0  ppm 
and 0 .0052-610 ppm have been reported  by Henderson e t  a l .  (1 9 5 9 ), 
Hsndsrscn snci P ick sr in ^  (1957) 5 sncl P icksrin^  s i*  (1962) jT ssp sc tlv s ly . 
C ulley  and Ferguson (1969) and C arter and Graves (unpublished data) 
have observed ranges o f 48-hour LC^q v a lu e s , o f  0 .0 4 8 -1 0 .0  ppm, and
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0 .0 0 1 0 5 -7 5 .0  ppm r e s p e c t iv e ly .
T his wide range o f  t o x ic i t y  has led  to  many in v e s t ig a t io n s  to  
develop  th e a c tu a l u se o f  s e l e c t iv e  anti-AChE in s e c t ic id e s  in  f i s h  
c u ltu r a l p r a c t ic e s .  R esearch to  c o n tr o l f i s h  e c to p a r a s ite s  (Meyer, 
1966; Dzasakhova, 1967; and Kennedy and Walsh, 1970), to  s e le c t iv e ly  
e lim in a te  u n d esira b le  f i s h  from b od ies o f  w ater (Meyer, 1965; Mulla 
e t  a l . ,  1967; .:•:££ and Westman, 1965; S r iv a sta v a  and Konar, 1966; 
and Konar, 1969 ), and to  s e l e c t iv e l y  c o n tr o l aq u atic  in s e c t s  w ithout 
harm to  f i s h  or o th er aq u a tic  l i f e  has been conducted (M ulla, 1966; 
H a z e lt in e , 1962, 1963; Ludwig e t  a l . ,  1968; and S r ivastava  and Konar,
1966).
The range in  t o x ic i t y  has a ls o  been taken advantage o f in  
d evelop in g  the u se  o f  the most s e n s i t iv e  s p e c ie s  in  m onitoring  
anti-AChE in s e c t ic id e s  in  w aters (H a z e lt in e , 1962, 1963; Warner,
1967; and Henderson and P ick er in g , 1963; N ich o lson , 1967).
In crea ses  in  acu te  t o x ic i t y  o f  organophosphate and carbamate 
in s e c t i c id e s  to  f i s h  are u su a lly  d ir e c t ly  p rop ortion a l to  in crea ses  
in  len g th  o f  exposure (Bender, 1968; Henderson e t  a l . ,  1959; E is le r ,  
1970; and P ick er in g  e t  a l ,  1962), tem perature (Macek e t  a l . ,  1969; 
E is le r ,  1970a; and Cope, 1 965 ), and tu r b id ity  (Konar, 1969). Acute 
t o x ic i t y  i s  u su a lly  in v e r se ly  p ro p o rtio n a l to  in c r e a se s  in  body 
w eight or s i z e  (H off and Westman, 1965 and P ick er in g  e t  a l . ,  1962) 
and to  in c r e a se s  in  s a l in i t y  ( E is le r ,  1970a). Form ulation o f the  
to x ic a n t (P ick er in g  e t  a l . ,  1962 and Carter and Graves, unpublished  
data) and hardness o f  the t e s t  w ater (P ick er in g  e t  a l . , 1962 and
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Meyer, 1965) have been observed to  r e s u l t  in  s l ig h t  or no e f f e c t  on 
t o x ic i t y .  The pH o f the w ater in f lu e n c e s  th e ra te  o f h y d ro ly s is  o f  
organophosphate and carbamate compounds (E is le r ,  1970a; W eiss, 1958, 
1959; Weiss and G ak sta tter , 1964b; Bender, 1968; Konar, 1969; and 
Guerrant e t  a l . ,  1970). H ydrolysis r a te s  are a t  a maximum in  the  
pH range o f  8 -11; th e r e fo r e , a cu te  t o x ic i t y  in  w aters w ith in  th is  
range would be in flu en ced  by th e r a te  o f  breakdown o f the to x ic a n t .
An e x c e l le n t  study has been reported  by Macek and M cA llister  
(1 9 7 0 ), who in v e s t ig a te d  th e r e la t iv e  s u s c e p t ib i l i t y  to  in s e c t ic id e s  
o f r e p r e se n ta t iv e s  in  the fa m il ie s  I c t a lm id a e ,  C yprinidae, C entrar- 
c'nidae, and Salm onidae. Sm all d if fe r e n c e s  were noted between the four 
fa m ilie s  w ith  r e sp e c t to  th e ir  s u s c e p t ib i l i t y  to  m ethyl parath ion  
and Baytex . Members o f  th e fa m ilie s  I c ta lu r id a e  and Cyprinidae  
were con sid erab ly  more to le r a n t  o f  azinphosm ethyl, m alath ion  and 
carbaryl than sp e c ie s  in  C entrarchidae and Salmonidae.
The Use o f F ish  Brain AChE to  M onitor Contamination  
Of Waters by C h o lin estera se  I n h ib it in g  I n s e c t ic id e s
P r in c ip le  o f the Method:
Weiss and G akstatter (1 9 4 6 ), Warner e t  a l .  (1 9 6 5 ), Warner 
(1967) and Johnson (1968) emphasized th e shortcom ings a sso c ia te d  
w ith  p resen t day procedures fo r  th e b ioassay  o f  to x ic  m a ter ia ls  in  
w ater. Such t e s t s  are based on the production  o f  an ir r e v e r s ib le  
a c t io n , u s u a lly  death , or on c e r ta in  e x te r n a l m a n ife s ta t io n s . These 
m a n ife s ta t io n s , such as gross b eh av iora l or other changes symptomatic
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o f p o iso n in g , are g en era lly  d i f f i c u l t  to  measure q u a n t ita t iv e ly .
With the in cr ea sin g  u se o f  organophosphate and carbamate in s e c t ic id e s ,  
i t  became ev id en t th a t a method was needed to  d e te c t  r o u tin e ly  the  
presence o f  an a n t i-c h o lin e s te r a s e  m a te r ia l. The id e a l method would 
perm it d e te c t io n  a t  an ea r ly  s tep  in  th e  chain  o f to x ic a t io n  
r e a c tio n s  preceed ing th e aforem entioned end p o in ts . The s p e c if ic  
mode o f a c t io n  o f organophosphate and carbamate in s e c t ic id e s  i s  the 
in h ib it io n  o f  c h o lin e s te r a se  enzymes. Thus, th ese  compounds lend 
them selves to  d e te c t io n  ea r ly  in  the to x ic a t io n  p rocess . D etection  
i s  based on the measurement o f  the departure from normal enzyme 
a c t iv i t y  le v e ls  in  th e exposed organism. A s e r ie s  o f  works by Weiss 
(1958, 1959, 1961, 1965) and Weiss and G akstatter (1946) provide 
p ro p o sa ls , j u s t i f i c a t io n s ,  su pp ortive  data and methodology for i n i t i a ­
t io n  o f m onitoring w aters by th e use o f  f i s h  brain  a c e ty lc h o lin e s te r a s e .
Weiss (1958) described  methodology o f  AChE a n a ly s is  and demon­
s tr a te d  in  v iv o  AChE in h ib it io n . His la t e r  rep o rts  (1959, 1961) 
pointed  out th at 6-24 hr. exposure to  0 .0 1 -0 .1  ppm con cen tration s  
o f organophosphate in s e c t ic id e s  in  w ater r e s u lt s  in  marked in h ib it io n  
o f brain  AChE, the degree o f  in h ib it io n  being a fu n ction  o f time 
and con cen tration  o f  exposure, s p e c i f i c  ch em ica l, and s p e c ie s . Death 
was observed when approxim ately 40-70% in h ib it io n  was su sta in ed .
The ca p a c ity  for in h ib ite d  AChE to  recover to  i t s  normal a c t iv i t y  
le v e l s  during p ost exposure p eriods was dem onstrated. This recovery  
p r o c e ss , which varied  in  len g th  depending upon s p e c ie s ,  chem ical and 
e x ten t o f  in h ib it io n ,  o ften  required  as many as 30 days in  p e s t ic id e - f r e e
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
15
w ater to  return  to  normalcy. Based on th ese  f in d in g s , W eiss (1961) 
s ta te d  th a t the degree o f  f i s h  brain  AChE in h ib it io n  th u sly  a sse ssed  
would perm it the d e te c t io n  o f both current and p ast contam ination o f  
w ater by c h o lin e s te r a se  in h ib it in g  m a te r ia ls . W eiss and G akstatter  
(1964b) focused  a tte n t io n  on in cr ea sin g  the s e n s i t iv i t y  o f  the b io ­
chem ical a ssay  method. R esu lts  demonstrated th a t by u sin g  a s e n s i t iv e  
s p e c ie s ,  a p oten t in h ib ito r  w ith  a d a ily  to x ica n t rep len ishm ent system , 
and an exposure tim e o f  15 to  30 days, d e te c t io n  o f  1 .0  ppb could be 
r e a d ily  accom plished and the d e te c t io n  o f 0 .1  ppb co n cen tra tio n s was 
p o s s ib le .  The s ig n if ic a n c e  o f  th ese  s tu d ie s  i s  the estab lish m en t o f  
a s e n s i t iv e  measurement o f the unique rea c tio n  between a s p e c i f i c  c la s s  
o f  to x ic a n ts  and a -sp ecific  p h y s io lo g ic a l system  in  the f i s h  (W eiss, 
1965). F ish  brain  AChE in h ib it io n  may be d etected  for  a period  o f  
10-30 days subsequent to  the a c tu a l exposure, owing to  the length  o f  
time required  for  the in h ib ite d  enzyme to return  to  normal a c t iv i t y  
(W eiss, 1961).
F ie ld  use o f  f i s h  brain  AChE as _a m onitor:
W illiam s and Sova (1966) m onitored f i s h  brain  AChE le v e ls  in  
A shley R iver (South C a ro lin a ), which r e c e iv e s  w astes co n ta in in g  
organophosphate compounds. Moribund and l iv e  A t la n t ic  menhaden 
(B revoortia  tyrannus) and l iv e  A t la n t ic  croakers (Micropogen undulatus) 
from A shley R iver had AChE in h ib it io n  le v e ls  o f  46.8%, 16.5%, and 35.8%, 
r e s p e c t iv e ly .  Enxyme a c t iv i t y  in  f is h  c o l le c t e d  from non-contam inated  
areas provided a com parative b a s is  for  A shley R iver sam ples.
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C o lo r im etr ic , gas chrom atographic, and in fra -re d  sp ec to sco p ic  
a n a y lse s  confirmed the presence o f  compounds e x h ib it in g  anti-AChE 
a c t iv i t y  in  3 o f  12 w ater sam ples.
Holland e t  a l .  (1967) conducted a ssa y s on 93 samples o f  sp ot  
(Leiostom us xanthurus) and sheepshead minnows (Cyprinodon v a r ie g a tu s ) 
c o l le c t e d  from the A tla n t ic  and G ulf C oast. Low enzyme a c t iv i t y  
(73 to  88% o f normal) was found in  17 sam ples.
Henderson, in  an unpublished rep ort ( c ite d  in  Johnson, 1968), 
reported  a 40% red u ction  in  AChE a c t iv i t y  in  rainbow and brook trou t  
c o l le c te d  from a stream  r e c e iv in g  m alathion contam ination as a r e s u lt  
o f  a grasshopper c o n tro l p r o je c t .
H a zeltin e  (1962, 1963) used caged b lu e g i l l  su n fish  to  monitor 
e f f e c t s  o f  m ethyl parath ion  a p p lic a t io n s  to  C lear Lake, C a lifo rn ia  
fo r  gnat c o n tr o l. No red u ction  in  AChE le v e ls  was rev ea led .
Brain AChE le v e ls  remained unchanged in  channel c a t f is h  and 
b lu e g i l l  su n fish  subsequent to  a s e r ie s  o f  4 pond treatm ents w ith  2 
con cen tra tio n s (0 .002  and 0 .02  ppm) o f  m alathion when ap p lied  over an 
11 week summer period (Kennedy and W alsh, 1970).
C utthroat trou t su bjected  to  a s e r ie s  o f  m alathion exposures 
e x h ib ite d  decreases in  brain  AChE a c t iv i t y .  In h ib it io n  was fo llow ed  
by 30 day p eriods o f  recovery . The h ig h e s t  treatm ent (1 .0  ppm bath) 
produced 59% in h ib it io n  o f  brain  AChE (Cope, 1965).
Sources o f  V a r ia tio n :
The gen era l nature and p ro p e r tie s  o f  a c e ty lc h o lin e s te r a s e  have 
been stu d ied  in  s a l t  w ater f i s h  (Ludtke and Ohnesorge, 1966; Abou-Donia
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and M enzel, 1967; and Coppage, personal communication) and in  fresh  
w ater f i s h  (W eiss, 1958, 1959; H azel, 1969; and Hogan and Knowles, 
1968a). The enzyme assayed  i s  true c h o lin e s te r a se  or a c e t y l ­
c h o lin e s te r a se  s in c e ;  ( 1) i t  i s  in h ib ite d  by a s e le c t iv e  in h ib ito r  
( e s e r in e ) ,  ( 2)  a c e ty lc h o lin e  i s  hydrolyzed f a s t e r  than b u tr y lc h o lin e ,  
and (3) i t  i s  in h ib ite d  by ex ce ss  su b stra te  (V oss, 1968; Ellman e t  a l . ,  
1961; Hogan and Knowles, 1968a; and Abou-Donia and M enzel, 1967). 
Optimum a ssa y  tem perature fo r  f i s h  brain  AChE v a r ie s  from 34.5  to  
37°C (Ludtke and Ohnesorge, 1966; Abou-Donia and M enzel, 1967;
H azel, 1969; and Hogan and Knowles, 1968a). However, many workers 
(W illiam s and Sova, 1966; Gibson e t  a l . ,  1969; and H olland e t  a l . ,
1967) have fo llow ed  th e o r ig in a l  assay  tem perature o f  25°C used by 
W eiss (1 9 5 8 ). Coppage (p erson a l communication) s ta te d  th a t sheepshead  
minnow AChE a c t iv i t y  was r e la t iv e ly  con stan t between 20°C-30°C, but 
a c t iv i t y  d ec lin ed  when the tem perature was r a ise d  to  40°C.
Reported optimum a ssay  pH v a lu es  are 7 .2  fo r  a s a l t  water f i s h ,
Cym atogaster a g g reg a te . (Abou-Donia and M enzel, 1967) and 7 .6  for  
channel c a t f i s h  and b lu e g i l l  su n fish  (Hogan and Knowles, 1968a).
A ssays a re  conducted a t  7 .6  w ith  the manometric techn ique (Hogan and 
Knowles, 1968a) and a t  8 .0  or 8 .2  w ith  Ellman or H estr in  techn iques  
(H azel, 1967; Gibson e t  a l . ,  1969; W eiss, 1958).
W eiss (1958, 1959, 1961) noted th a t the s p e c i f i c  a c t iv i t y  o f  
AChE was a fu n c tio n  o f  b ra in  w eight in  g o ld f is h ,  fathead  minnows,
b lu e g i l l  su n f ish , largemouth b a ss , and golden  sh in e r . The enzyme
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a c t iv i t y  per u n it  w eight o f  b ra in  was g rea ter  in  the sm aller  b ra in s . 
Gibson e t  a l .  (1969) observed th a t variou s reg io n s o f  the brain  
d i f f e r  in  s p e c i f i c  a c t iv i t y  in  the b lu e g i l l  su n fish . A c t iv i t i e s  
AChBr hydrolized/m g brain  t is s u e /h o u r )  were: in f e r io r  lob e ,
3 . 93;  o p t ic  lo b e s , 2 .8 4 ; cerebellum  1 .90 ; cereb ra l hem ispheres,
1 .73 ; and the m edulla, 2 . 75 .
Gibson e t  a l .  (1969) a ls o  stu d ied  3 p op u la tion s o f  b lu e g i l l s  
to  determ ine v a r ia t io n  in  AChE a c t iv i t y  w ith in  and among p o p u la tio n s. 
B rains o f  10 fr e s h ly  k i l l e d  f i s h  from each pop u lation  were te s te d  on 
3 d if f e r e n t  d ays. The maximum d if fe r e n c e  in  mean s p e c i f i c  a c t iv i t y  
fo r  the 3 p op u la tion s was 7.0%. W ithin p op u la tion  v a r ia t io n  in  the  
3 t e s t s  was 19, 9 and 15%; maximum d if fe r e n c e  between p op u la tion s  
on a g iven  day was 16%, but 19% on d if f e r e n t  days. Time in te r v a ls  
between th e 3 days and tem peratures o f  the w ater were n ot g iven .
Hogan (1970) found th a t under f i e l d  co n d itio n s  the b lu e g i l l  
su n fish  brain  AChE a c t iv i t y  was s ig n i f ic a n t ly  c o r r e la te d  w ith  w ater 
tem perature. L east s ig n if ic a n t  d if fe r e n c e  (LSD) a n a ly s is  showed th a t  
the mean AChE a c t i v i t i e s  fo r  co n secu tiv e  months were s ig n i f ic a n t ly  
d if f e r e n t  in  9 out o f  the 12 p o s s ib le  com parisons. The trend in  AChE 
a c t iv i t y  was fo r  an in crea se  during May, June, and Ju ly  and a high  
a c t iv i t y  p la teau  during A ugust, September, and O ctober. A low 
a c t iv i t y  p la tea u  was m aintained in  January, February, March and A p r il.  
Hazel (1969) reported  th a t h igh er  a cc lim a tio n  tem peratures r e su lte d  
in  h igher AChE a c t iv i t y  in  th e g o ld f is h  and a k i l l i f i s h ,  Fundulus
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h e ta r o c l i tu s ; Baslow and N ig r e l l i  (1964) reported  a season a l 
f lu c tu a t io n  in  AChE a c t iv i t y  under con stant temperature rearing  
c o n d it io n s . The h ig h e s t  a c t iv i t y  was observed during what would 
be the low est y e a r ly  tem peratures in  i t s  n a tu ra l h a b ita t . The 
authors a ls o  reported  th at in  the k i l l i f i s h ,  the brain  a c t iv i t y  
varied  in v e r se ly  w ith  a cc lim a tio n  tem peratures. These r e s u lt s  are  
co n tra d ic to ry  o f  th ose  reported  by Hazel (1969) and Hogan (1970).
Storage and handling o f  b ra in  samples in  the laboratory  i s  
another p o te n t ia l  source o f  v a r ia t io n . W eiss (1958) observed th at  
very l i t t l e  a c t iv i t y  was lo s t  when brains were stored  for  96 hours 
a t -35°C; w hereas, b ra in s stored  in  b u ffe r  (25°C) or r e fr ig e r a te d  
(2 .5°C ) lo s t  alm ost a l l  o f  the enzyme a c t iv i t y  by 96 hours. Weiss 
(1961) la te r  reported  th a t a t  -25°C or lower there i s  no s ig n if ic a n t  
change in  b ra in  a c t iv i t y  o f frozen  f i s h  fo r  as long as 3 months.
Gibson e t  a l .  (1969) stu d ied  the e f f e c t  o f  thawing procedures p rior  
to  brain  d is s e c t io n  on enzyme a c t iv i t y .  R esu lts  showed th at removing 
frozen  brains y ie ld e d  lower enzyme a c t i v i t i e s  than d is s e c t io n  o f brains  
a f te r  2 hours a t  room temperature or 2-3 m inutes in  a 45°C water bath. 
S p e c if ic  a c t i v i t i e s  equal to  the normal a c t iv i t y  o f the population  
were achieved a f t e r  fr e sh ly  ex c ise d  brains were frozen  in  2 ml pH 8 .2  
t r i s  b u ffer  or frozen  on tared aluminum f o i l .
The s ig n if ic a n c e  o f  a c e r ta in  amount o f  in h ib it io n  in  f i s h  i s  
not w e ll  understood. In an e a r ly  report (W eiss, 1958) observed th at 
death occurred in  f i s h  when a l e v e l  o f  40-70% in h ib it io n  o f  brain
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AChE was reached. These co n c lu s io n s  were based on 24 hour exposures  
o f 0 . 6  1 . 1 , and 2 .0  ppb o f  sa r in  (an a n t i-c h o lin e s te r a se  chem ical
w arfare a g e n t) . B lu e g i l ls  exposed 2 weeks to  1 .0  ppb parath ion  in  
a d a ily  replenishm ent t e s t  system  underwent 75% red u ction  in  brain  
AChE a c t iv i t y  y e t  no death occurred (Weiss and G ak sta tter , 1964b).
Gibson e t  a l .  (1969) dem onstrated th a t b lu e g i l l  su n fish  which became 
moribund in  750 ppb parath ion  showed on ly  25% in h ib it io n ;  w hereas, 
th ose  th a t became moribund in  20 ppb showed 57% in h ib it io n .  These 
authors a ls o  noted th at f i s h  exp erien cin g  over 90% in h ib it io n  may 
f a i l  to  develop pronounced symptoms o f  organophosphate p o ison in g , and 
may recover com pletely  when p laced  in  fresh  w ater. Coppage (p erson al 
communication) stu d ied  the s p e c i f i c  le v e l  o f  brain  AChE in h ib it io n  
r e la te d  to  death in  sheepshead minnows. He s ta te d  th at death occurs  
when AChE a c t iv i t y  f a l l s  below 17.7% o f normal and le v e ls  below th is  
va lu e  in d ic a te  impending death from exposure even when p e s t ic id e  
con cen tra tion  and exposure tim es are unknown.
V a r ia tio n s  a ttr ib u ta b le  to  s p e c ie s  w ith  r e sp ec t to  brain  w eigh t-  
enzyme a c t iv i t y  r e la t io n s h ip s ,  s e n s i t i v i t y  to variou s a n t i-c h o lin e s te r a s e  
m a te r ia ls , and p ost exposure recovery to  normal enzyme a c t iv i t y  have 
been observed (W eiss, 1968, 1959, 1961; W eiss and G ak sta tter , 1964b).
The b lu e g i l l  su n fish , Lepomis m acrochirus, has been shown by th ese  
s tu d ie s  to  be a very s e n s i t iv e  s p e c ie s ,  e s p e c ia l ly  to  to x ic a n ts  such 
as parath ion  and azinphosm ethyl.
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AChE In Vivo I n h ib it io n  S tu d ies in  F ish
The most e x te n s iv e  in  v iv o  s tu d ie s  o f  AChE in h ib it io n  by 
anti-AChE in s e c t ic id e s  have been done by W eiss (1958, 1959, 1961) 
and W eiss and G ak statter (1964b ). S evera l a sp ec ts  o f  th ese  papers 
have been d iscu ssed  throughout t h is  review ; however, they w i l l  be 
g iven  d e ta ile d  d isc u ss io n  in  t h is  p a r tic u la r  s e c t io n ,
W eiss (1958) r e s p e c t iv e ly  trea ted  g o ld f is h ,  green su n fish , and 
fathead  minnows w ith 24 h r. exposures o f  2 . 0 ,  0 . 6 ,  and 1.1 ppb sa r in  
(an anti-AChE chem ical warfare agen t) and observed d if fe r e n c e s  in  
r e a c t io n  to  in h ib ito r  co n cen tra tio n  and m o r ta lity . G old fish  incurred  
72% in h ib it io n ,  but on ly  10% m o r ta lity . On the o th er hand, green  
su n fish  experienced  51% in h ib it io n  w ith  7.5% m o r ta lity  w h ile  fathead  
minnows had 68% in h ib it io n  w ith  41% m o r ta lity . From th ese  ob serva tion s  
W eiss concluded th a t 30-607, in h ib it io n  was n ecessary  to  cause death .
W eiss la te r  (1959, 1961) s tu d ied  e f f e c t s  o f  se v e r a l organo­
phosphate in s e c t ic id e s  on AChE a c t iv i t y  in  5 sp e c ie s  during exposure  
and recovery  p er io d s . The time required  to  g iv e  maximum in h ib it io n  
in  the largemouth b a ss , M icropterus sa lm o id es, when exposed to  1.0  
ppm p arath ion , m alath ion , and C hloroth ion , and to  0 .1  ppm azinphos­
m ethyl was approxim ately 1 .0 -1 .5  hours. The p o in t o f  maximum in h ib it io n  
was fo llow ed  by a le v e l in g - o f f  phase o f  varying len g th s and then a 
subsequent return  to  normal enzyme a c t iv i t y .  A 1 hour exposure o f  
g o ld f is h  and golden sh in ers  to  1.0  ppm parathion caused an in crea se  
in  in h ib it io n  for  the f i r s t  5-6  days in  recovery water w ith a
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l e v e l in g - o f f  la s t in g  from recovery  day 6 to  day 11. Recovery o f  
20 days allow ed AChE le v e l s  to  in cr ea se  s lo w ly  from 40% to 70% and 
from 27% to  47% o f i t s  normal a c t i v i t y  le v e l  in  the g o ld f ish  and 
golden sh in e r , r e s p e c t iv e ly  (W eiss, 1959). B lu e g i l l  were trea ted
1 -1 .5  hours w ith  1 .0  ppm m alathion and p arath ion . M alathion t r e a t ­
ment r e s u lte d  in  65% in h ib it io n  w ith  near com plete recovery in  24-36  
hours; w hereas, parath ion  treatm ent r e s u lte d  in  60% in h ib it io n  w ith  
l i t t l e  or no change in  a subsequent 3 day recovery  period (W eiss, 
1959). B lu e g i l l s  were exposed 1 .5  hours to  0 .1  ppm azinphosm ethyl. 
I n h ib it io n  o f  70% o f  AChE was recorded and th is  was fo llow ed  by 
e s s e n t ia l ly  com plete recovery  in  3 -5  d ays. In c o n tr a s t , largemouth 
bass trea ted  w ith  the same chem ical and co n cen tra tio n  (w ith  a 24 hour 
exposure) e x h ib ite d  45% in h ib it io n .  AChE a c t iv i t y  remained a t th is  
le v e l  during a 20 day recovery p eriod  and showed 30-35% in h ib it io n  
a t  the end o f  40 days (W eiss, 1959). B lu e g i l l  exposed 7 hours to
0 .1  ppm parath ion  had 85% in h ib it io n  o f  AChE and recovered to on ly  
55% in h ib it io n  in  30 d ays. Complete recovery  would req u ire 60 days 
or longer (W eiss, 1961). B lu e g i l l s  exposed to  azinphosm ethyl (0 .0 1  
ppm fo r  1 .5  hours) su sta in ed  65% in h ib it io n  w ith recovery to  85% o f  
normal (15% in h ib it io n )  w ith in  a 6 day recovery  period (W eiss, 1959, 
1961). The o b serv a tio n s  were made (W eiss, 1961) th a t b lu e g i l l s  had 
a minimal ca p a c ity  for  d e to x if ic a t io n  o f  parath ion  and the b lu e g i l l  
faced p o s s ib le  death due to  s u c c e s s iv e  su b le th a l dosages o f  parath ion . 
A lte r n a t iv e ly , the b lu e g i l l  seems to  have an e f f i c i e n t  ca p a c ity  fo r
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
23
recovery  from azinphosm ethyl p o ison in g  (W eiss, 1961). I t  should  
be p o in ted  out th a t reg a rd less  o f  c a p a c it ie s  for  recovery , acute  
t o x ic i t y  w ith  azinphosm ethyl may be o f  more danger to  the b lu e g i l l  
than p arath ion , based m erely on th e fa c t  th a t azinphosm ethyl i s  
much more a c u te ly  to x ic  than parath ion .
W eiss (1961) surm ised th a t the degree o f  in h ib it io n  i s  a 
fu n ctio n  o f  the co n cen tra tio n  o f  the in h ib ito r , the ex ten t o f  
exposure, s p e c i f i c  chem ical nature o f  the in h ib ito r  and the f i s h  
s p e c ie s .  D is t in c t  exposure-recovery  p a ttern s c h a r a c te r is t ic  o f  
the f i s h  and chem ical were noted when ob servation s were made o f  
the resp on ses o f  brain  AChE upon exposure and then in  subsequent 
recovery p e r io d s . W eiss (1961) p resen ts  a s e r ie s  o f  5 such 
exposure-recovery curve p a ttern s  for  10 to x ic a n ts  and 4 f i s h  
s p e c ie s .  B lu e g i l ls  u su a lly  had a p attern  ty p if ie d  by a rapid  
and marked in h ib it io n  fo llow ed  by a lag  o f se v e r a l days b efore  
a recovery trend was e v id e n t.
W eiss and G ak sta tter  (1964b) conducted jin v iv o  s tu d ie s  using  
low co n cen tra tio n s o f  in h ib ito r  in  a continuous flow  system  w ith  
15 to  30 day exposure p er io d s . The s ig n if ic a n c e  o f  th is  study i s  
th a t by u sin g  th is  long term, continuous flow  exposure tech n iq u e, 
i t  i s  p o s s ib le  to  dem onstrate marked in h ib it io n  (30%) in  b lu e g i l l  
due to  co n cen tra tion s o f  azinphosm ethyl as low as 0 .01  ppb w ith  a 
30-day exposure. Exposures o f  15 days to  1 .0  ppb azinphosm ethyl 
are s u f f i c i e n t  to  r e s u lt  in  100% in h ib it io n  in  b lu e g i l l  a f t e r  15
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days and 40% in h ib it io n  a f te r  on ly  2 days. B lu e g i l ls  exposed 15 
days to  1.0 ppb parath ion  reduced the AChE a c t iv i t y  by 75%; 
w hereas, 15-day exposures to  1 .0  ppb m ethyl parathion r e su lte d  in  
only  15-20% in h ib it io n .  Parathion and m ethyl parathion a t 0 .1  ppb 
a f t e r  15-day exposures in h ib ite d  AChE by 20 and 30%, r e s p e c t iv e ly ,  
in  the b lu e g i l l .
In  v iv o  in h ib it io n  and recovery data for  the channel c a t f is h  
have not been found in  the l i t e r a t u r e .  Hogan and Knowles (1968a) 
have conducted jLn v it r o  s tu d ie s  u sin g  the channel c a t f is h  and the 
b lu e g i l l .  D eterm ination o f  _in v i t r o  P ^ q v a lu es in  b lu e g i l l  and 
channel c a t f is h  fo r  m alathion, malaoxon, d ich lorovos and e ser in e  
were made. Channel c a t f is h  enzyme was somewhat more su sc e p tib le  
to  .in v it r o  in h ib it io n  than the b lu e g i l l  to  the in h ib ito r s  te s te d ;  
however, the b lu e g i l l  enzyme was more s u sc e p t ib le  to  in h ib it io n  by 
m alathion and malaoxon. Another in  v i t r o  stud y , Murphy (1966) 
measured the amount o f  the P=0 analogue (th e  a c t iv e  in h ib ito r )  o f  
m alath ion , parath ion  and azinphosm ethyl which accumulated in  l iv e r  
s l i c e s  o f  b lu e g i l l  and channel c a t f i s h .  The accum ulation of  
paraoxon was s im ila r  in  both sp e c ie s ;  however, the accum ulation o f  
malaoxon and the P=0 analogue o f  azinphosm ethyl in  th e b lu e g i l l  was 
2 and 15 tim es g rea ter  r e s p e c t iv e ly ,  than in  the channel c a t f is h .
Murphy e t  a l .  (1968) compared the .in v iv o  a n t i-c h o lin e s te r a se  
a c t iv i t y  o f parath ion , m alathion and azinphosm ethyl w ith  th e ir  
corresponding oxygen analogues in  pumpkinseed su n fish  (Lepomis 
gibbosus) and b lack  bu llheads (Ic ta lu r u s  m e la s ) . R esu lts  o f
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in s e c t ic id e s  adm inistered by in tra p er ito n ea  1 in je c t io n  showed 
th at the b u llheads apparently  were capable o f  w ithstand ing more 
in h ib it io n  w ith  le s s  r e s u lt in g  m o r ta lity  than the su n fish ,  
e s p e c ia l ly  in  the lower d osages. For example, su n fish  in je c te d  
w ith  1 .0  and 0 .5  mg/kg body w eight w ith  P=0 azinphosm ethyl showed 
100% m o r ta lity  w ith  96% and 93% in h ib it io n ;  whereas, b u llheads  
in je c te d  w ith  the same chem ical and co n cen tra tion s showed 50% and 
no m o rta lity  but y e t  had 93% and 87% in h ib it io n .
C utthroat tro u t (Salmo c la r k i)  were trea ted  w ith  m alathion by 
means o f  1 .0  and 0 .6  ppm in  baths and 8 and 4 mg/kg in  feed . A 
s e r ie s  o f  5 treatm ents were s u c c e s s iv e ly  adm inistered to the  
o r ig in a l group o f  t e s t  f i s h .  Treatments were made and AChE a c t iv i t y  
was measured a t 2 and 30 days a f t e r  treatm ent, then the next s e r ie s  
o f treatm ents were ad m in istered . Feed treatm ent (8 mg/kg) gave the  
most in h ib it io n  (65%) fo llow ed  by 1 .0  ppm bath treatm ents (45%).
The 30-day recovery was not long enough to  perm it f u l l  recovery to  
normal a c t iv i t y  p r io r  to  the next treatm ent (Cope, 1965).
Holland and Lowe (1966) c h r o n ic a lly  exposed sp o t, an estu a r in e  
f i s h ,  to  m alath ion . A continuous flow  system  was used to m aintain  
the t e s t  f i s h  in  10 ppb for  26 w eeks. The brain  AChE a c t iv i t y  was 
s ig n i f ic a n t ly  lower throughout the t e s t  and i t  s ta b i l iz e d  a t  appro? 
m ately 30% in h ib it io n .  Brain AChE a c t iv i t y  returned to  i t s  o r ig in a l  
normal a c t iv i t y  w ith in  one week a f te r  c e s sa t io n  o f treatm ent. Acute 
t o x ic i t y  o f  m alathion was compared in  the trea ted  f i s h  and a group
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o f  p rev io u s ly  untreated  f i s h .  No d if fe r e n c e s  in  t o x ic i t y  were 
observed but lower AChE in h ib it io n  was found in  the trea ted  f is h  
as compared w ith  the u ntreated  group.
Lowe (1967) conducted the same type o f  t e s t  u sin g  s im ila r  
techn iques and the same f i s h  sp e c ie s  ( s p o t ) , but used carbaryl as 
the t e s t  chem ical. Spot were exposed 5 months to  0 .1  ppm carbaryl 
in  a continuous flow  system . B rain AChE a c t iv i t y  a t  2 \  months was 
83% o f  the normal and was near th e  normal range a f t e r  5 months o f  
exposure. Spot exposed 13 days to  1 0  ppm (a near le th a l  concen­
tr a t io n )  had on ly  32% in h ib it io n .
Kennedy and Walsh (1970) observed AChE a c t iv i t y  in  channel 
c a t f i s h  and b lu e g i l l  a f t e r  4 pond treatm ents o f  m alathion a t 2 
co n cen tra tio n s (0 .002  and 0 .02  ppm) ap p lied  over an 11-week summer 
p er io d . D epressions in  AChE le v e ls  were not s ig n if ic a n t  nor 
rep rod u cib le  a t  th ese  con cen tra tio n s o f  m alath ion .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
METHODS AND MATERIALS
Experiment I :  Pool s tu d ie s  to determ ine th e brain AChE
in h ib it io n  potency and in h ib it io n  recovery c h a r a c te r is t ic s  o f  
ten  s e le c te d  organophosphate and carbamate in s e c t ic id e s  in  channel 
c a t f i s h .
Experim ental p o o ls  -  The pools used in  th is  study were p la s t ic  
swimming p o o ls  (manufactured by Doughboy In d u s tr ie s , West Helena, 
Arkansas) which measured 3 .6  m in  diam eter and 0 .9 1 4  m in  depth 
(approxim ate volume 5000 l i t e r s ) .  The p ools c o n s is te d  o f  an o u ts id e  
s t e e l  r e ta in in g  w a ll w ith  a v in y l l in e r  on the in s id e  and were 
equipped fo r  n e ith e r  f i l t r a t i o n  nor a r e a tio n . Twenty p o o ls  were 
e re c ted  a t  the L ouisiana S ta te  U n iv e r s ity  Ben Hur Farm on an area 
th a t r e c e n t ly  had the top 10-15 cm o f  s o i l  and v e g e ta tio n  removed 
w ith  a road grader. Further preparation  o f  the area in c lu d in g  
le v e l in g ,  removal o f  rem aining d eb ris th a t could ev e n tu a lly  puncture 
the p o o ls , and a p p lic a t io n  o f  EPTC h erb ic id e  a t  the r a te  o f  6 .72 kg/ha 
to  reduce nutsedge (Cyperus s p p . ) ,  the growing sh oots o f  which are 
capable o f  p ie r c in g  the bottom  o f  the v in y l p ool l in e r .  C lear 
p o ly eth y len e  f ilm  (4 m il th ick n ess) p laced  over b lack  p o ly eth y len e  
f i lm  (2 m il th ic k n e ss )  was used to provide a su b stra te  fo r  in s t a l l in g  
the v in y l l in e r s  and to  reduce the amount o f  l ig h t  reaching the s o i l  
and p o s s ib le  growing v e g e ta t io n  under the p o o ls .
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Water source -  The p oo ls  were s itu a te d  ad jacent to Ben Hur 
F ish e r ie s  Lake No. 1; th e r e fo r e , th is  lake was used to  provide  
w ater for  the t e s t s .  R a in fa ll  and ground water are the primary 
w ater sou rces o f  the la k e , although an a r te s ia n  w e ll  i s  a v a ila b le  
to  supply a d d it io n a l w ater. The chem istry o f  th is  w ater w i l l  be 
d iscu ssed  la t e r .
Experim ental f i s h  - Channel c a t f i s h  f in g e r l in g s  averaging  
9 . 12  cm in  length  and 8 .54  gms in  w eight were used in  th ese  s tu d ie s .  
The f in g e r l in g s ,  obtained  from the farm o f  P en zo il Corp. Ltd. ,  
Monroe, L ou isian a , were trea ted  w ith  form alin  p rio r  to  shipment and 
w ith  3 .0  ppm a c r if la v in e  during shipm ent. Each o f  the 20 t e s t  p oo ls  
were stocked  w ith  230 f in g e r l in g s .  The f i s h  were fed d a ily  with  
Purina C a tfish  Chow ( f lo a t in g )  a t  the ra te  o f  3% o f  the t o t a l  f i s h  
body w eight per day. This feed  was f o r t i f i e d  la te r  in  the t e s t  by 
b lending fr e sh  b ee f l iv e r  in  s u f f i c i e n t  water to  bring the m ixture 
to  pouring c o n s is te n c y . The l iv e r  was mixed thoroughly w ith  the  
feed  in  a r a t io  o f  0 .4 5 4  kg l iv e r  to  2.27 kg fe e d , spread , and 
allow ed to  dry. F o r t i f ie d  feed  was stored  in  a fr e e z e r  u n t i l  ju s t  
p r io r  to  u se .
I n s e c t ic id e s  stu d ied  -  S ix  organophosphate and four carbamate 
in s e c t i c id e s  were s e le c te d  fo r  th is  study on the b a s is  o f th e ir  
p resen t or p o te n t ia l  va lu e in  p e s t  management p r a c t ic e s .  Table I  
l i s t s  the compounds stu d ied  and g iv e s  th e ir  accepted  common name 
(Kenaga and A llis o n , 1969), trad e name, chem ical name, sou rce , and 
form ulation  used.
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Table I .  Trade, common, and chem ical names; sou rces; and form ulations  
o f  in s e c t ic id e s  used in  the pool and aquarium treatm ents o f  
channel c a t f i s h ,  I c ta lu r u s  p u n cta tu s.
Common Name 
(Trade Name) a /Chemical Name2-' Source and Formulation
O reanophosphates:
Azinphosmethyl
(Guthion)
0 ,0 -d im eth y l j5 (4 -o x o - l,2 ,3 -  
b e n z o tr ia z in -3 (4 H )-y l m ethyl) 
phosphorod ith ioate
Chemagro; 2 lb /g a l  E.C.
M alathion  
(Cythion)
d ie th y l  m ercaptosuccinate, 
jS -ester  with 0 ,0 -d im eth y l 
phosphorod ith ioate
American Cyanamid; 
95% liq u id
D icrotophos
(B idrin )
3 -h yd roxy-N ,N -d im eth y l-c is-  
crotonam ide, dim ethyl 
phosphate
S h e ll;  2 lb /g a l  
water so lu a b ie
Monocrotophos
(Azodrin)
3 -h yd roxy-N -m eth yl-c is- 
crotonamide dim ethyl 
phosphate
S h e ll;  5 lb /g a l  
water so lu a b ie
(Dursban)
0 , 0- d ie th y l  0- ( 3 , 5 , 6-
t r ic h lo r o -2-p y r id y l)
phosphoroth ioate
Dow, 4 lb /g a l  E.C.
M ethyl
parathion
0 ,0-d im eth y l 0 -p -n itr o =  
phenyl phosphorothioate
Carbamates:
Monsanto; 4 lb /g a l  E.C.
Carbofuran 
(Fur a dan)
2 ,3 -d ih y d ro -2 ,2 -d im eth y l-  
7-benzofuranyl m ethylcar=  
bamate
Niagara; 10% sand-core  
granule
Carbaryl
(Sevin )
1 napthyl methylcarbamate Union Carbide; 
80% sprayable
Me thorny1 
(Lannate)
m ethyl N- £ (methylcarbamoyl) 
oxyj th io a ce tim id a te
DuPont; 90 W.D.
A ldicarb
(Temik)
2-m eth y l-2-(m eth y lth io )  
propion aldehyde 
(O-methylcarbamoyl) oxime
Union Carbide; 10 G
—^ Kenaga and A llis o n  (1969).
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Treatment methods and data c o l le c t io n  -  S ince th is  s e r ie s  o f  
pool treatm ents was designed  to  observe chronic e f f e c t s ,  i t  was 
important th a t the id e a l  treatm ent con cen tration  for  each in s e c t i ­
c id e  be determ ined. Thus, a con cen tra tion  very near the p o in t o f  
l e t h a l i t y  was d esired  to  provide maximum su b le th a l s t r e s s  w ithout 
lo s s  o f  the t e s t  f i s h .  The procedure o f  e stim a tin g  the treatm ent 
con cen tration  co n s is te d  o f  the use o f  s t a t i c  b io a ssa y s to  fin d  the
LC for each o f  the 10 in s e c t i c id e s .  The LCn was in terp o la ted  
50 0
from the lo g -co n cen tra tio n  p ro b it l in e  and th is  va lu e was fu rth er
s  treduced to  provide a t  le a s t  a 2- f o ld  margin o f  s a fe ty  fo r  the 1 
treatm ent. The co n cen tra tion s o f  the subsequent treatm ents were 
again  adjusted  based on the e f f e c t s  o f  the previous treatm ent.
The a c tu a l pool t e s t  procedure involved  tr e a t in g  each of  
10 p ools w ith  an a ssign ed  in s e c t ic id e  u sin g  the rem aining 10 p oo ls  
for  c o n tro l f i s h .  F ish  samples were taken for  AChE a n a ly s is  from 
each pool p r io r  to  treatm ent and a t  various in te r v a ls  subsequent 
to  treatm ent. In th is  manner, th e e f f e c t  o f  each o f  the 10 
in s e c t ic id e s  on AChE a c t iv i t y  was monitored fo r  an approximate 20 
day p ost-trea tm en t p er iod . Upon com plete or p a r t ia l  recovery o f  
AChE to  normal a c t iv i t y  l e v e l s ,  the p oo ls  were trea ted  w ith  an 
a d d it io n a l d ose , the con cen tra tion  having been ad justed  based on 
the e f f e c t s  o f  the previous treatm ent. This procedure was fo llow ed  
for  3 treatm ents w ith  th e ex cep tio n s  o f  1 treatm ent o f  azinphosm ethyl 
and monocrotophos and 4 treatm ents o f  methorny1 and carbofuran. The
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p ool water was not changed between treatm ents u n less  i t  was 
n ecessary  fo r  m ain ta in ing  s a n ita t io n  le v e ls  fo r  the f i s h .
Subsequent to  th e f i r s t  s e r ie s  o f  trea tm en ts, symptoms o f  
p oison in g  which resem bled s c o l i o s i s  d escrib ed  by Meyer (1966) were 
observed . Counts to  determ ine th e frequency o f  t h is  symptom in  
each o f  the 10 in s e c t ic id e  t e s t  p oo ls  were taken p r io r  to and a t
n  j  * . j
in te r v a ls  fo llo w in g  th e 2 and 3 trea tm en ts.
The tim e required  fo r  the f i s h  b ra in  AChE a c t iv i t y  to  return
to  normal was compared in  f i s h  removed from the p oo ls and placed  
in  in s e c t i c id e - f r e e  aquaria w ater w ith  th ose  f i s h  rem aining in  the 
p ool treatm ent vrater. These two s e t s  o f  co n d itio n s  were used to  
compare AChE recovery  under minimum and maximum recovery c o n d it io n s .
S t a t ic  b io a ssa y  methods - Standard methods o f  conducting  
b io a ssa y s  w ith  a q u a tic  organism s have been o u tlin ed  (American P u b lic  
H ealth A ss n . ,  1965) and were adhered to  as c lo s e ly  as p o ss ib le  in  
th ese  t e s t s .
B ioassay  aq u aria , which were s im ila r  to  th ose  d escribed  and 
b u i l t  by D avis (1 9 6 0 ), measured 23x23x53 cm deep and had a ca p a c ity
u- 25 l i t e r s .  The aquaria were con stru cted  o f 0 .635  cm plywood
w ith  e i th e r  a l l  four s id e s  s o l id  or w ith  two s id e s  en clo sed  w ith  
saran screen  to  f a c i l i t a t e  the o b serva tion  o f  t e s t  specim ens. 
P o ly eth y len e  b ags, which were p in  h o le  f r e e ,  4 m il in  th ick n ess  
and 45 .7x76 cm in  s i z e ,  were used to  l in e  the b ioassay  aquaria  
and thus provide a lea k -p ro o f t e s t  con ta in er  which could  be cleaned
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by sim ply emptying w ater and rep la c in g  th e  o ld  bag w ith a new one.
Twenty l i t e r s  o f  Baton Rouge tap water(pH, 7 . 0 ;  hardness,
2 -5  ppm), aged and aerated  in  th ree  4750 l i t e r  (125 g a l)  tanks 
fo r  a t  l e a s t  2 days, were p laced  in  each b io a ssa y  aquarium.
Sodium t h io s u l f a t e ,  a t  the r a te  o f  approxim ately 10-15 gm per 
4750 l i t e r  tank, was used fo r  d ech lo r in a tio n  in  ca ses  not a llo w in g  
the 2 day a era tio n  p er io d .
B ioassays were conducted in  a w e ll -v e n t i la t e d  room and were 
h eld  a t  room tem perature (21-28°C ). A eration  and food were not 
provided the f i s h  during the t e s t  p er iod .
A wide range o f  dosages were f i r s t  used to  d e lin e a te  the  
con cen tra tio n  range. This was fo llow ed  by a 2n(  ^ s e r ie s  o f  con­
c e n tr a tio n s  to  ob ta in  d o sa g e-m o rta lity  data from which e stim a tes  
o f  the LC^q and LCq were made.
Formulated in s e c t i c id e s  were used in  most c a se s  to  prepare 
the treatm ent w ater. The c o r r e c t  amount o f  s e r ia l ly  d ilu te d  sto ck  
s o lu t io n s  were added and s t ir r e d  in to  20 l i t e r s  o f  water in  the  
t e s t  c o n ta in e r s . A cetone, a t  a maximum o f  20 ml in  20 l i t e r s  o f  t e s t  
w ater , was used when a so lv e n t  o th er than w ater was requ ired . F iv e  
c a t f i s h  were then p laced  in  each con ta in er  and observed for  up to  
96 hours w ith  m o r ta lity  checks and removal o f  dead f i s h  tak ing  
p la ce  a t  12, 24 , 36 , 4 8 , 72, and 96 hours. C r ite r ia  o f  death was 
th e absence o f  op ercu lar movement and f a i lu r e  to  respond to  
m echanical s t im u la tio n .
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C a tfish  used in  the p ool t e s t s  averaged 8 .54  gins; th e r e fo r e ,
5 f i s h  in  20 l i t e r s  o f  water would be equal to  42 gras o f  f i s h  in  
20 l i t e r s .  This exceeds the standard methods maximum fish :w a te r  
load in g  r a t io  and was considered  in  conducting the t e s t .  Shorter  
term t e s t s  were run (24-36 h rs) and c lo s e  checks on d is so lv e d  
oxygen were made. These adjustm ents in  procedure seemed adequate 
s in c e  no m o r ta lity  was su sta in ed  in  th e check f i s h .
D osage-m orta lity  data were analyzed a t  th e L ouisiana St a t e  
U n iv e r s ity  Computer Center u sin g  an IMB Systems 360/30  computer 
and a p ro b it a n a ly s is  program a s rev ise d  by Daum (1970).
Water chem istry a n a ly s is  -  A p o rta b le  t e s t  k i t  Model AL-36-WR 
(Hach Chemical Co. ,  Box 907, Ames, Iowa) was used fo r  the chem ical 
a n a ly s is  o f  the pool w ater. D eterm inations o f  pH were made w ith  a 
Corning Model 7 pH m eter and ro u tin e  d is so lv e d  oxygen checks were 
made w ith  a Hach Chemical Company d is so lv e d  oxygen laboratory  t e s t  
k i t .  Chemical c h a r a c te r is t ic s  o f  the Ben Hur Lake t e s t  water are 
shown in  Tables 1-4 o f  the Appendix. Composite w ater samples taken  
p r io r  to  s to ck in g  the f i s h  (Appendix Table 1) showed pH to  range 
from 8 . 5 - 9 . 0 ;  w hereas, la t e r  pH measurements (Appendix Table 4) 
shows pH v a lu es  ranging from 6 .3  to  7 . 6 .  Water tem perature 
(Appendix Table 3) averaged 25.65°C  w ith  a range o f  23-31°C during  
th e t e s t .  The p ool w ater was h ig h ly  tu rb id  and t o t a l  hardness was 
approxim ately 6 8 .4  ppm. Other chem ical c h a r a c te r is t ic s  measured 
were CO^  (15-20 ppm), p h enolphthalien  a lk a l in i t y  (0 ppm) and m ethyl 
orange a lk a l in i t y  (144-222 .3  ppm). The p r e - t e s t  pH measurements
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(Table 1) are in  the range to  a llo w  maximum h y d r o ly s is  o f  most 
organophosphate compounds (Weiss and G ak sta tter , 1964b and 
Guerrant e t  a l . ,  1970). However, pH le v e ls  were con sid erab ly  
lower (6 . 2 - 7 . 6) by the tim e o f  th e  f i r s t  s e r ie s  o f  treatm ents and 
th e r e a fte r  remained a t  le v e ls  which would be expected to  a llo w  much 
l e s s  h y d r o ly s is  (Table 4 ) .  P ools were o r ig in a lly  f i l l e d  w ith  water 
on A p r il 10, 1970, changed on May 29 and 30 , and again  on June 16 
and 17. However, water in  the azinphosm ethyl pool was changed 
on ly  on May 9 , 1970 w h ile  water in  the monocrotophos pool was never 
changed s in c e  th ese  p oo ls  rec e iv ed  on ly  one treatm ent.
C o lle c t io n  and sto ra g e  o f  samples fo r  AChE a n a ly s is  -  F ish  
taken fo r  a n a ly s is  were c o l le c t e d  by se in in g  p ools w ith  a 3 .6  m 
(10 f t )  minnow se in e , p laced  in  la b e led  10x5x30.5 cm (4x2x12 inch) 
p la s t ic  bags and im m ediately p laced  on ic e  u n t i l  a r r iv a l a t  the 
la b ora tory . F ish  samples were then tra n sferred  to  a free zer  where 
they were h e ld  a t  -10°C fo r  b ra in  a c e ty lc h o lin e s te r a s e  a c t iv i t y  
d eterm in a tio n s .
D is se c t io n  and hom ogenization o f  b ra in s -  F ish  samples were 
kept frozen  as much as p o s s ib le  and the b ra in s were d is se c te d  
a llo w in g  on ly  the amount o f  thawing th at would f a c i l i t a t e  easy  
d is s e c t io n  and removal o f  the b ra in . The procedure most used was 
to  take in d iv id u a l f i s h  from the fr e e z e r , hold  them under co ld  tap 
w ater to  thaw ex ter n a l la y e rs  o f  t i s s u e ,  then remove the brain  w ith  
the use o f  sharp-pointed  s c is s o r s  and fo rce p s . The brains could
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u su a lly  be removed in ta c t  by c u tt in g  o f f  the top o f  the s k u ll  and 
e x c is in g  the brain  free  a t  the base o f  the o p t ic  lob es and a t the 
base o f  the m edulla. Care was ex e r c ise d  as to  prevent fo re ig n  
m ateria l such as b lood , ic e  c r y s t a ls ,  bones, large o lfa c to r y  and/or  
o p tic  nerve trunks, or p o rtion s o f  the sp in a l cord from being  
included  in  the brain  sample. C onversely , care was a l s o  taken to  
insure th a t a l l  o f  the brain  t is s u e  was removed. The d is se c te d  
brains were p laced  on sm all squares o f  tared aluminum and w et-weighed  
to  the n ea rest mg. The brains were then ready for  hom ogenization and 
subsequent a n a ly s is .  O cca sio n a lly , d is s e c te d  b ra in s could not be 
analyzed im m ediately. As a r e s u l t ,  th ese  b ra in s on the aluminum 
f o i l  were placed in  p la s t ic  1 oz creamer cups which were then c lo sed  
w ith  t ig h t  f i t t i n g  caps and stored  in  the fr e e z e r  fo r  periods not 
exceeding 12 hours before enzyme a n a ly s is .
Homogenization o f  the b ra in s was achieved w ith  the use o f  
hand-operated Potter-E lvehjem  a l l  g la s s  t is s u e  grind ing  mortars 
(150x19 mm) having a c learan ce o f  0 .1 2 7 -0 .1 7 8  mm (0 .0 0 5 -0 .0 0 7  in )  
between grind ing ed ges. Large b ra in s were p laced  in  the mortar and 
ground p rior  to  the ad d itio n  o f  b u ffer  so lu t io n ;  w hereas, sm aller  
brains were ground w ith  a sm all amount (approx. 1.0  ml) o f  b u ffe r .
The brain  t is s u e  was ground to a co n s is ten cy  showing no large in ta c t  
p a r t ic le s  o f  t i s s u e .  The ground b ra in  t is s u e  was d ilu te d  w ith a 
s u f f i c ie n t  amount o f  pH 8 .0  Sorensen phosphate b u ffer  
(0 . 1  M Na2H?0^-KH2?0£) in  the mortar to  r e s u lt  in  a 20 mg/ml b ra in  
t is s u e  co n cen tra tio n . The so lu t io n  was fu rth er  ground to  in su re
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th a t the t is s u e  was homogenized. The b ra in -b u ffer  homogenate was 
then analyzed im m ediately by the fo llo w in g  a n a ly t ic a l techn ique.
AChE a n a ly s is  -  The determ ination  o f  AChE a c t iv i t y  in  f i s h  
brain  t is s u e  was ca rr ied  out according to  the method o f  Ellman e t  a l .  
(1961 ). The procedure i s  fo r  p h o to m etr ica lly  determ ining AChE 
a c t iv i t y  o f  t is s u e  e x tr a c ts ,  hom ogenates, c e l l  su sp en sion s, e t c .
The enzyme a c t iv i t y  i s  measured by fo llo w in g  the in cr ea se  in  y e llo w  
c o lo r  produced from th io c h o lin e  when i t  r e a c ts  w ith d ith io b is n it r o -  
benzoate (DTNB) io n s . The method i s  based on the cou p lin g  o f th ese  
two r e a c tio n s:
A c e ty ltn io c h o iin e  (ASC’n) AChE  ^ T hiocholine + a c e ta te  
th io c h o lin e  + DTNB ____ ^ y e llo w  co lo r
The ASCh/DTNB method req u ired  the preparation  o f the fo llo w in g  
s o lu t io n s :
B u ffe r s : 0 .1  M Na2HPO -^KH2PO  ^ phosphate b u ffers  a t
pH 8 .0  and pH 7 . 0 . ,  Prepared by adding 
s u f f i c i e n t  0 .1  M K^PO^CpH 4 . 5 )  to  800-900 mis 
o f  Na2HP0^(pHS.2) to  bring pH to  d e s ir e s  l e v e l .  
S u b stra te : A c e ty lth io c h o lin e  io d id e  0.075 M (21.67 mg/ml)
in  d i s t i l l e d  w ater. Should be kept in  r e f r ig ­
era to r  for  not longer than 10-15 days.
(Reagent obtained  through Sigma Chemical 
Company; S t .  L ou is , Mo.).
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DTNB r e a g e n t; 0 .01 M so lu t io n  o f  5 :5 -d ith io b is -2 -n itr o b e n z o ic
acid  (Sigma Chemical Co . ) .  Prepared by d is s o lv in g  
39.6  mg DTNB in  10 ml o f  pH 7 .0  phosphate b u ffer  
( 0 . 1  M) then adding 15 mg sodium b icarbon ate.
A Bausch and Lomb Standard Model S p ectron ic "20" adapted for usin g  
1.27 cm (% in ) c o lo r im e tr ic  c e l l s  was the instrum ent used in  t h is  
tech n iq u e. The a n a ly ses  were conducted a t  25° C + 1° C a t  a wave­
len g th  o f  412 m illim ic r o n s . The fo llo w in g  i s  th e  procedure used in  
co lo r im e tr ic  a n a ly s is  o f  AChE a c t iv i t y  in  f i s h  brain  t is s u e :
1. A 0 .4  ml a liq u o t  o f  the b ra in -b u ffer  homogenate was added 
to  a c o lo r im e tr ic  tube con ta in in g  2 .6  ml phosphate b u ffer  
(pH 8 . 0 ,  0 . 1  M) and placed in  the p h o to c e ll .
2 . S et absorbance a t  zero .
3 . Add 1 0 0 $ 1  o f  th e DTNB reagent to  th e  con ten ts in  the tube.
Continue blow ing through the m icro p ip ette  w h ile  moving i t  
around th e bottom o f  th e  tube served to  mix th e  s o lu t io n s .
4 . A dd ition  o f  DTNB reagent w i l l  cause a s l ig h t  in crea se  in
absorbance; th u s , the co lo r im eter  should be r e s e t  a t  zero  
ju s t  p r io r  to  th e next s te p .
5 . Q uickly add 20 ^ 1  o f  ASCh io d id e  s o lu t io n , mix by blow ing  
through the m icr o p ip e tte , and record absorbance read ings  
a t  15 second in te r v a ls .
6 . The r e a c tio n  in v o lv in g  ye llo w  co lo r  production takes p la ce  
in  the p h o to c e ll r e s u lt in g  in  changes in  absorbance. A 
p lo t  o f  absorbance read ings vs time (on a r ith m etic  graph
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paper) a llo w s a r e a c t io n  r a te  to  be c a lc u la te d  in  u n its  o f  
change in  absorbance per m inute (&A/min).
7 . The r a te s  were c a lc u la te d  by th e fo llo w in g  form ula, where:
R = r a te  in  f t  m oles su b str a te  (ASCh) hydrolyzed per min per 
g o f  brain  t i s s u e .
&A = change in  absorbance per min a s  c a lc u la te d  from s tr a ig h t  
l in e  in te r p o la t io n  from absorbance vs tim e p lo t s .
CQ = o r ig in a l  co n cen tra tion  (mg/ml) o f  brain  t i s s u e  in  
homogenate ( t h is  va lu e  was con stan t a t  20 mg/ml 
throughout t h is  w ork).
r  = 574 X AA
C
R = 574
R = 28 .7  x £ A
S in ce AA was th e on ly  fa c to r  in  th e formula th a t did not remain 
c o n sta n t, a ta b le  was computed to  make p o s s ib le  d ir e c t  conversion  o f  
&A to  a c t iv i t y  inpM  ASCh/min/gm brain  t i s s u e .
I n i t i a l l y ,  two r e p l ic a te  a n a ly ses  o f  each brain  sample were run, 
but the r e p r o d u c ib i l ity  o f r e s u l t s  (+  3%; range o f  0-8%) j u s t i f i e d  the 
u se  o f  one a n a ly s is  per sample.
Experiment I I : P relim inary in  v iv o  s tu d ie s  to  determ ine r e la t io n ­
sh ip s  o f  b ra in  AChE in h ib it io n  to  time o f exposure, in h ib ito r  
c o n c e n tr a tio n , and symptom appearance in  channel c a t f i s h  trea ted  w ith  
c h o lin e s t e r a s e - in h ib it in g  in s e c t ic id e s .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
3 9
General t e s t  procedure -  The b io a ssa y  aquaria and methods 
d escrib ed  e a r l ie r  were u t i l i z e d  in  conducting t h is  experim ent.
Channel c a t f i s h  (4 -6  cm in  le n g th  and w eighing 1 -3 .5  gm) were 
tr e a te d  w ith  th e 6 organophosphate and 4 carbamate in s e c t ic id e s  used  
in  th e pool s tu d ie s .  Each in s e c t i c id e  was te s te d  in  the fo llo w in g  
manner. Two (2) r e p l ic a te s  o f:  check and 4-6  co n cen tra tion s (th e
h ig h e s t  expected to  g iv e  a maximum o f 20-40% m o rta lity )  were s e t  up 
u sin g  b io a ssa y  aquaria . Twenty (20) l i t e r s  o f  w ater, 10 f i s h ,  and 
in s e c t i c id e  (excep t in  th e checks) were added to  each aquaria . At 
v a rio u s tim e in te r v a ls  fo llo w in g  in i t i a t io n  o f th e  t e s t ,  one f i s h  
was taken from each o f  the treatm ents in  one s e t  o f  r e p l ic a te s .
F ish  samples were p laced  in  la b e led  p la s t ic  bags and frozen  for  
AChE a n a ly s is .  The second s e t  o f  r e p l ic a t e s  remained undisturbed  
thus a llo w in g  sim ultaneous n o te s  to  be taken on m o r ta lity  and symptom 
appearance w ith  each o f  th e  sample c o l le c t io n s .  The above procedure 
was designed  to  y ie ld  data on th e  p rogress o f  th e experim ent on a 
tim e-cou rse  b a s is .
Normal a c t iv i t y  for the untreated  co n tro l f i s h  was e s ta b lish e d  
by a n a ly z in g  10-15 f i s h  o f  v ariou s s i z e s  r e p r e se n ta tiv e  o f the s i z e  
range o f  the t e s t  f i s h .  Enzyme a c t i v i t i e s  vs brain  w eight o f  th e  
c o n tr o l fxsh  were p lo tte d  on arxihm etxc graph paper and a Ixne o f  
b e s t  f i t  was drawn. From t h is  l in e  expected AChE a c t iv i t y  could be 
estim ated  fo r  any brain  w eig h t. Enzyme a c t i v i t i e s  o f  trea ted  f i s h
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were compared to  expected  normal a c t i v i t i e s  in  untreated  f i s h  having  
id e n t ic a l  brain  w eigh ts .
Experiment I I I . The use o f  f i s h  brain  AChE to  monitor 
c h o lin e s te r a s e - in h ib it in g  in s e c t ic id e  contam ination o f  w aters 
d ra in in g  two L ouisiana a g r ic u ltu r a l ecosystem s.
Weiss (1958) proposed th a t by determ ination  o f  the brain  AChE 
a c t iv i t y  o f  the indigenous f i s h ,  anti-ChE in s e c t ic id e  contaminated  
w aters may be a sse ssed  as to  th e hazard to  aquatic  l i f e .  Normal 
le v e ls  o f  brain  AChE a c t iv i t y  would have to  be determined for  the  
same sp e c ie s  taken from non-contam inated w ater. Reports o f research  
u t i l i z i n g  th is  technique to  d e te c t  contam ination in  brackish  and 
s a l t  w ater f is h e s  have been published  by W illiam s and Sova (1966) 
and Holland e t  a l .  (1967). With th is  h yp oth esis  and previous work 
in  r in d , a study was designed to  determ ine the p r a c t ic a l i t y  o f u sin g  
such a program to  m onitor anti-AChE in s e c t ic id e  contam ination in  
two agroecosystem s o f  L ouisiana.
L ocations sampled - The th ree  ecosystem s in  L ouisiana chosen  
fo r  sam pling included: an area o f  in ten se  sugarcane production , an
area predominated by co tto n  and soybean production , and non-contam inated  
co n tro l area.
Streams and in d iv id u a l sam pling s i t e s  a long th e streams in  each  
area were s e le c te d  on th e b a s is  o f  the a g r ic u ltu r a l production , in  
the immediate area and/or the drainage p attern s o f  the stream . P ast
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organochlorine res id u e  data from th e streams or area in  q u estio n , i f  
a v a ila b le ,  a ls o  in flu en ced  the s e le c t io n  o f streams to  sample. The 
fo llo w in g  i s  a l i s t  o f  s i t e s  sampled and a b r ie f  d e sc r ip tio n  oE each.
1. C ontrol ecosystem : Lake No. 1 o f  th e  L ouisiana S ta te  
U n iv e r s ity  Ben Hur (F ish e r ie s )  Farm i s  6 .87  ha (17 a c r e s)  
in  s i z e ,  and lo c a te d  a t  Baton Rouge. The water sources o f  
th e lak e are r a i n f a l l ,  subsurface w ater , and an a r te s ia n  
w e ll .  I t  r e c e iv e s  no su rfa ce  ru n off and i s  near no 
a g r ic u ltu r a l production  th a t  might contam inate the lak e .
2. Sugarcane ecosystem : Bayou D ania ls i s  a sm all stream;
however, i t  r e c e iv e s  d ir e c t  drainage w aters from approxim ately  
606 ha (1500 a cres) o f  sugarcane, a l l  grown ju s t  ad jacen t to  
th e bayou. The bayou i s  lo ca ted  near White C a st le , L ou isian a , 
in  I b e r v i l le  P arish .
Bayou C hevreu il, which was chosen as an a lte r n a te  
sam pling s i t e ,  i s  the p r in c ip le  drainage bayou o f a la rg e  
sugarcane producing area lo ca ted  near V acherie in  S t. James 
P a rish . R esidues o f  endrin  freq u en tly  have been d etected  in  
f i s h  a t  h igh  le v e ls  showing th at in s e c t ic id e s  occurring in  
r u n -o ff  w ater are r ec e iv ed  by th is  stream (Epps e t  e l . ,
1967).
The sugarcane b orer, D iatraea  s a c c h a r a lis , i s  c o n tr o lle d  
in  L ouisiana by an average o f  1-3 a p p lic a tio n s  o f  0 .75  Ib/'A 
( .6 7 k g /h a ) azinphosm ethyl per season.
3 . C otton-soybean ecosystem : Three stream s were sampled in  Tensas
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
4 2
P arish , which i s  a h e a v ily  c u lt iv a te d  area in  n orth east  
L ou isian a . A pproxim ately 8080 ha (20 ,000  a cres) o f  co tto n  
and 30,375 ha (75 ,000  a cres) o f  soybeans are annually  
produced in  th is  a rea . Cotton in s e c t  c o n tr o l i s  accom plished  
by 8-15 a p p lic a t io n s  o f  a toxaphene-DDT-methyl parath ion  
m ixture a t  th e r a te  o f  2:1:%-% lb  (1 .7 8 : .8 9 : .2 3 - .4 5  kg) 
a c t iv e  in g red ien t per acre  (ha) or w ith  m ethyl parath ion  
a lon e a t  th e r a te  o f  1 .0  lb/A  (0 .8 9  k g /h a ). Soybean in s e c t  
c o n tro l i s  u su a lly  a la t e  season  problem (August-September) 
and i s  ach ieved  by an average o f  0 .5  to  1 a p p lic a t io n  of 
%-1.0 lb/A  ( .4 5 - .8 9  kg/ha) m ethyl parath ion .
Lake S t . P eter drainage can a l i s  a man-made canal and 
r e c e iv e s  ru n off from a la rg e  area o f  c o tto n  ju s t  south o f
Q 4- ____I- Tk/w. wvocpiij uuuioiaiia.
Big Choctaw Bayou, which a c tu a lly  r e c e iv e s  the w aters  
o f Lake S t . P eter drainage c a n a l, i s  a long winding stream  
and i t ,  in  com bination w ith  i t s  t r ib u t a r ie s ,  provides  
drainage fo r  a very la r g e  p o rtio n  o f  th e  c e n tr a l and ea stern  
s e c t io n s  o f  Tensas P a r ish .
Tensas R iv er , sampled a t  C layton , L ou isian a , i s  a much 
la rg er  stream  which r e c e iv e s  th e  w aters o f  Big Choctaw Bayou 
and a ls o  r e c e iv e s ,  through the remainder o f  i t s  t r ib u t a r ie s ,  
drainage from ad jacen t co tto n  growing p a r ish e s . Past 
organoch lorine r e s id u e  data have shown f i s h  from the Tensas 
R iver to  carry heavy burdens o f  r e s id u e s , e s p e c ia l ly  during
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th e peak o f  th e spraying season (Epps e t  a l . ,  1967; Epps 
e t  a l . ,  1969, unpublished d a ta ).
Sampling in te r v a ls  and methods o f  c o l le c t io n  - Samples were 
c o l le c te d  by th e  u se o f  a p a r t ia l  rotenone k i l l .  The 5% rotenone  
to x ic a n t  was d is tr ib u te d  from a boat and was mixed w ith  th e  water 
by th e prop wash from an outboard motor. Weiss (1961) showed no e f f e c t  
o f rotenone on AChE a c t iv i t y .  Ben Hur samples were taken by s e in in g .
A sample was c o l le c te d  from each area p rior  to  the f i r s t  
in s e c t i c id e  a p p lic a t io n  o f the season . The remainder o f th e  samples 
were taken a t  vary ing  in te r v a ls  as a r e s u lt  o f  e f f o r t s  made to  
co ord in a te  c o l le c t io n s  w ith  in s e c t ic id e  a p p lic a t io n s  and subsequent 
g en era l r a i n f a l l  in  each area .
S p ec ies  taken and number c o l le c te d  - Three common f is h e s  in  most 
sm all freshw ater stream s are b l u e g i l l ,  channel c a t f i s h ,  and g izzard  
shad, Dorosoma cepedianum (L eSueur). T herefore, th ese  th ree  sp e c ie s  
were used fo r  th e  m on itoring  stu d y .
Large sam ples (20-40  f i s h )  were c o l le c te d  for  each s p e c ie s  a t  
th e  f i r s t  c o l l e c t io n  in  order to  determ ine the preseason  enzyme a c t iv i t y  
in  f i s h  from each area . Subsequent sample s iz e s  u su a lly  c o n s is te d  o f  
1-20 f i s h  per s p e c ie s  a t  each s i t e .  Samples were taken from Ben Hur 
Lake ( th e  c o n tr o l area) throughout th e c o l le c t io n  period  to  d e te c t  
changes in  AChE a c t iv i t y  for  each sp e c ie s  during th e course of the  
stud y .
Bundling and tra n sp o r ta tio n  o f samples - Samples were c o l le c t e d ,  
placed  under ic e  in  an ic e  box and transported  to  th e  laboratory  in
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t h is  manner. S ix  hours was th e maximum time th at any f is h  samples 
were on ic e  b efo re  being  fro zen . Prelim inary t e s t s  showed no 
d iffe r e n c e  in  AChE a c t iv i t y  in  i c e  transported  samples as compared to  
th ose  transported  on dry i c e .  The f i s h  were washed, so r ted , la b e le d , 
and frozen  a t  -10° C for  subsequent AChE a n a ly s is .
Normal AChE a c t iv i t y  d eterm inations -  I n i t i a l l y ,  i t  was planned 
to  determ ine p re-season  AChE a c t iv i t y  fo r  each area x  sp e c ie s  
com bination, then use th e se  v a lu es  as AChE a c t iv i t y  base l in e s  w ith  
which to  compare r e s u lt s  o f  subsequent c o l le c t io n s .  However, AChE 
a c t iv i t y  was observed to  e x h ib it  sea so n a l changes in  Ben Hur Lake 
(c o n tr o l a r e a ) . This d ic ta te d  th a t  a l l  area x  sp e c ie s  AChE a c t iv i t y  
comparisons be based on th e Ben Hur AChE a c t iv i t y  p a ttern s for  the 
3 s p e c ie s .
S t a t i s t i c a l  a n a ly s is  o f  data - L east squares an a ly ses  o f  
covariance were performed w ith in  each area x  sp e c ie s  com bination  
fo r  comparison o f  c o l le c t io n  d a te s ,  u sin g  lo g  brain w eight as a 
co v a r ia b le . R egression  a n a ly ses  were then performed by reg r ess in g  
AChE a c t iv i t y  on days s in c e  June 1 , days s in c e  June 1 squared, and 
lo g  brain  w eight w ith in  each area x  sp e c ie s  com bination. Such 
re g r e ss io n s  were c a lc u la te d  on ly  when a s ig n if ic a n t  d if fe r e n c e  
between d a tes was observed in  th e  a n a ly s is  o f  covarian ce. A back­
wards d e le t io n  m u lt ip le  r e g r e s s io n  a n a ly s is  was performed where a l l  
th ree  independent v a r ia b le s  were i n i t i a l l y  included in  the reg r essio n  
a n a ly s is .  Independent v a r ia b le s  proving to  be n o n -s ig n if ic a n t  were 
d e le te d  in  o b ta in in g  th e  f in a l  r e g r e ss io n  equation  for  p r e d ic tin g
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AChE a c t iv i t y  fo r  each area x  sp e c ie s  com bination.
Thin la y er  chromatography -  In  c o l le c t io n s  re v e a lin g  con sid erab le  
red u ction  o f th e  normal f i s h  brain  AChE a c t iv i t y ,  some a d d itio n a l  
means were needed to  provide fu rth er confirm ation  th a t in s e c t ic id e s  
were indeed re sp o n sib le  fo r  the observed red u ction .
Methods o u tlin ed  by MacDougall (1964) fo r  e x tr a c tio n  and 
clean-up  o f  azinphosm ethyl re s id u es  from m ilk , fa t  or meat were 
fo llow ed . M od ifica tio n s were made to  f a c i l i t a t e  th e u se  o f 10 gm 
samples o f  f i s h  as opposed to  the recommended 500 gm sam ples.
The procedure, as m od ified , i s  ou tlin ed  below:
1 . 10 gm t is s u e  sample
2 . 500 mg Hyflo Super-Cel
3 . Add 40 ml acetone and add th e  f i r s t  th ree in g red ien ts  to  
sm all Omni-Mixer blender ja r
4 . Blend 2 min.
5 . F i l t e r  w ith  su c tio n  in  Buchner funnel through Whatman #42  
paper
6 . Return f i l t e r  cake to  b lender ja r , add 20 ml benzene, blend  
for  5 m inutes, f i l t e r  as b efore
7 . WSash f i l t e r  cake w ith  20 ml fresh  benzene
8 . T ransfer combined f i l t r a t e s  to  a 100 ml separatory  funnel
9 . R inse su c tio n  f la s k  w ith  20 ml benzene and add to  separatory  
funnel
10. Shake separatory funnel m oderately
11. Draw o f f  lower aqueous phase
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12. Add 200 mg H yflo Super-Cel to  acetone-benzene s o lu t io n .
Shake and f i l t e r  through Whatman No. 12 f lu te d  paper in to  
a 100 ml beaker.
13. R inse separatory  funnel w ith  20 ml acetone and use th is  
to  r in s e  th e f i l t e r  paper.
14. Evaporate e x tr a c t  to  dryness on a steam bath or a ir  j e t .
15. D is so lv e  re s id u e  from evaporation  in  20 ml hexane saturated  
w ith  a c e t o n i t r i l e .  T ransfer to  100 ml separatory  fu n n el.
16. E xtract w ith  10 ml a c e t o n i t r i le  sa turated  w ith  hexane
17. Draw o f f  lower ( a c e t o n it r i le )  phase and rep eat e x tr a c tio n  
tw ice  u s in g  5 -10  ml a c e t o n i t r i l e  sa tu rated  w ith  hexane each  
tim e.
18. Combine a c e t o n i t r i l e  e x tr a c ts  and shake them w ith  15 ml hexane 
in  a separatory  fu n nel
19. Separate th e  a c e t o n i t r i le  phase and evaporate i t  ju s t  to  
dryness on a steam bath under a j e t  o f  a ir
20. D is so lv e  th e  re s id u e  from th e a c e t o n i t r i le  evaporation  in  
5 ml chloroform
21. Prepare a chromatographic column by s lu r r y in g  5 gm o f alumnia 
in  chloroform  and pouring in to  a column w ith  a 20 mm diam eter
22. Pour th e sample s o lu t io n  onto th e  column ju s t  a s  the l a s t  o f  
th e chloroform  p asses in to  th e  absorbent
23. Pass an a d d it io n a l 30 ml chloroform  through the column and 
c o l l e c t  the e lu a te  in  a 100 ml beaker
24. Evaporate th e e lu a te  to  1 ml volume on steam bath under an
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a ir  j e t
25. Spot on th in  layer p la t e s .
The procedures o u tlin ed  in  S ectio n  411 , F.D.A . P e s t ic id e  
A n a ly tic a l Manual V ol. 1 (Foods and Feeds) were fo llow ed  in  the  
p reparation  o f  th in  la y er  p la t e s .  S ec tio n  431.2b  o f  th e aforem entioned  
manual was fo llow ed  fo r  s p o tt in g , development and id e n t i f i c a t io n  o f  
th iophosphate in s e c t ic id e s  w ith  a method u s in g  tetrabrom ophenophthalein- 
AgN03- c i t r i c  a c id  spray.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
RESULTS
Experiment I
Pool s tu d ie s  to  determ ine th e b ra in  AChE in h ib it io n  potency and 
in h ib it io n  recovery  c h a r a c te r is t ic s  o f  ten  s e le c te d  organophosphate 
and carbamate in s e c t ic id e s  in  channel c a t f i s h .
Acute T o x ic ity
The 10 in s e c t ic id e s  used in  th e study ex h ib ite d  a 4 4 0 -fo ld  range 
in  acu te  t o x ic i t y  to  the channel c a t f i s h  (Table I I ) . The 24 hour 
LC50 for Dursban, th e  most to x ic  o f  th e  group, was 0 .16  ppm compared 
to  70 .40  ppm for  m onocrotophos, the le a s t  to x ic  compound stu d ied .  
Ranking below  Dursban were methomyl (0 .9 2  ppm), a ld ica rb  (1 .6  ppm), 
carbofuran (2 .0 3  ppm), azinphosm ethyl ( 3 .9  ppm), m ethyl parath ion  
(9 .3 6  ppm), m alath ion  (1 0 .0  ppm), carb ary l (1 1 .5  ppm), d icrotop h os  
(1 3 .0  ppm), and monocrotophos (7 0 .4 0  ppm). Mean w eight o f  the t e s t  
f i s h  was 8 .5 4  grams. Table I I  a ls o  l i s t s  the in terp o la ted  L C q v a lu es  
and th e co n cen tra tio n s  chosen fo r  the f i r s t  s e r ie s  o f  treatm en ts.
Table I I I  l i s t s  th e  co n cen tra tio n s and d ates o f  su b le th a l treatm ents  
o f  channel c a t f i s h  in  p o o ls .
AChE In h ib it io n  Potency (CI50 v a lu es)  and I n h ib it io n  Recovery  
C h a r a c te r is t ic s  o f  In d iv id u a l I n s e c t ic id e s
Changes in  b ra in  AChE a c t iv i t y  subsequent to  pool treatm ents are  
shown g r a p h ic a lly  fo r  each in s e c t ic id e  in  F igures 1 -9 . Comparisons o f
48
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Table I I .  S ta t ic  b io a ssa y  t e s t s  to  determ ine th e 24 hour LC^q, LCq , 
and i n i t i a l  pool treatm ent co n cen tra tio n , L ouisiana S ta te  
U n iv e r s ity  Ben Hur Farm, Baton Rouge, 1970.
a /Computed— E y e -f it te d I n i t i a l
I n s e c t ic id e LC50 LC50 LC0 treatm entle v e l—'
Dursban 0 .1 6 ^ 0.15 0.05 0.01
A ldicarb 1.60 1 .50 0.60 0.10
Carbofuran 2.03 2 .00 0 .30 0.10
Azinphosm ethyl 3 .9 0 4 .0 0 1 .60 0.50
Carbaryl 11.50 8 .00 5 .00 2.00
M. parath ion 9 .36 9 .0 0 6.20 1.00
Methomyl 0 .92 0 .9 0 0.10 0.05
M alathion 10.00 10.00 6.00 2.00
D icrotophos 13.00 12.00 6 .00 1.00
Monocrotophos 70.40 90 .00 25.00 5 .0 0
—/P ro b it a n a ly s is  program o f  Baum (1970).
^./a h  f ig u r e s  are in  ppm. 
c l— See Table I I I .  for  subsequent treatm ents.
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Table I I I .  C oncentrations and d ates o f  su b le th a l pool treatm ents
o f channel c a t f is h  f in g e r l in g s ,  L ouisiana S ta te  U n iv ers ity  
Ben Hur Farm, Baton Rouge, 1970.
Pool Date Treated
No. I n s e c t ic id e 5 /7 5/15 6/1 6/18 6/23 7/8
6 D icrotophos i . o  s! - 2 .50 - - -
4 Monocrotophos 5 .0 0 - - - - -
11 Methyl
parath ion 1.00 - 1.50 - 1.75 -
16 Methomyl 0.05 0.075 0.10 0.2 - -
7 Dursban 0.01 - 0.05 - 0.05 -
20 Azinphosmethyl 0 .50 - - - - -
9 M alathion 2.00 - 4 .0 0 4 .0 - -
18 Carbaryl 2.00 - 4 .0 0 - 2 .50 3 .00
3 Carbofuran 0.10 - 0.50 - 0.50 0.75
14 A ldicarb 0.10 - 0.75 - 2.50 -
—^ All f ig u r e s  are in  ppm.
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AChE recovery  to  normalcy in  aquaria and in  pool treatm ent water are  
a ls o  shown in  the above m entioned f ig u r e s .  Raw data used to  prepare 
the graphs are l i s t e d  in  Appendix Tables 5-24  and in c lu d es  data p er tin en t  
to  in d iv id u a l sam ples, i . e .  d a te , number o f  f i s h ,  mean brain  w eigh t, 
change in  absorbance/m in. (j&A/min.), AChE a c t iv i t y  i n o f  su b stra te  
(ASCh) hydrolyzed/m in/gm  brain  t i s s u e ,  percent o f  normal a c t iv i t y  and 
p ercent in h ib it io n .  Appendix Table 25 l i s t s  measurements o f normal 
AChE a c t iv i t y  taken throughout th e course o f  the experim ent. The 
average AChE a c t iv i t y  o f  th ese  samples (28.86^11 ASCh/min/gm t is s u e )  
was used as th e standard value o f  normal a c t iv i t y  to  which a l l  
sample AChE a c t i v i t i e s  were compared. This va lu e was used s in c e :
( 1) enzyme a c t iv i t y  varied  w ith  b ra in  w eight and ( 2) a n a ly s is  of 
v arian ce showed th a t enzyme a c t iv i t y  did not f lu c tu a te  during the  
summer in  channel c a t f i s h  (se e  Ben Hur Lake channel c a t f is h  d ata , 
Experiment I I I ,  Appendix Table 4 0 , F igure 2 0 ).
Comparison o f AChE in h ib it io n  p o ten c ie s  o f  the 10 in s e c t ic id e s  
used in  th e p ool study was d i f f i c u l t  because: ( 1) the treatm ents were
not r e p lic a te d  and only  one con cen tra tio n  was used for  each in s e c t ic id e  
a t each treatm ent d ate and ( 2) the 10 in s e c t ic id e s  were applied  at  
various co n cen tra tio n s due to  d if fe r e n c e s  in  acu te t o x ic i t y ,  thus 
e lim in a tin g  d ir e c t  comparisons o f  e q u i- to x ic  co n cen tra tio n s . More­
over, th e same group o f t e s t  f i s h  was exposed to  su c c e ss iv e  treatm ents  
o f 2-4  d if f e r e n t  con cen tra tio n s o f  a t e s t  in s e c t ic id e  during the t e s t .  
However, r e s u lt s  o f  t h is  s e r ie s  o f  d ose-resp onse r e la t io n s h ip s  enabled  
the determ ination  o f  a CI^q v a lu e  for  each in s e c t ic id e ,  w ith  the
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r e s u lt in g  v a lu es  used for com parative purposes on ly . The CI5Q i s  
the con cen tra tio n  o f  in s e c t ic id e  requ ired  to  produce 50% AChE in h ib i­
t io n  w ithout regard to  tim e o f exposure. Such v a lu es were obtained  
from a p lo t  o f  lo g  in s e c t ic id e  co n cen tra tion  (x -a x is )  and the maximum 
percent in h ib it io n  on a p ro b it s c a le  ( y - a x i s ) . The estim ated  CI^q 
v a lu es  for  each in s e c t ic id e  and th e  data used in  th e ir  d eterm ination  
are shown in  Table IV.
AChE in h ib it io n  in  channel c a t f i s h  trea ted  w ith  a h igh  
con cen tration  (5 .0  ppm) o f monocrotophos (F igure 1 , Appendix Tables 
5 and 15) showed t h is  in s e c t ic id e  to  have an estim ated  CI^q value  
o f < 5 .0  ppm; th e r e fo r e , i t  i s  one o f the le a s t  p oten t AChE in h ib ito r s  
o f  the ten  compounds stu d ied  (Table IV ). Monocrotophos was a slow  
in h ib ito r  and required  5 days for  attainm ent o f  maximum in h ib it io n .
A maximum in h ib it io n  p la teau  was held  a t  12-18% o f  normal for  a t  
le a s t  11 days. No recovery  was observed a t  16 days a f te r  treatm ent 
a t  which tim e a l l  f i s h  were removed from the pool to  aquaria . Channel 
c a t f i s h  AChE in h ib ite d  by 5 .0  ppm monocrotophos required  more than  
16 days to  return  to  20% o f the normal a c t iv i t y  (Table V ). Comparable 
r a te s  in  aquarium w ater were 1 6 .5 . 19, and 36 days to  return  to  20,
50 , and 80% o f th e  normal, r e s p e c t iv e ly  (T able V I).
F ish  tr e a te d  w ith  G.5 ppm azinphosm ethyl were near death a t  
12 hours; th e r e fo r e , approxim ately o n e -h a lf o f  th e  treatm ent water 
was removed and rep laced  w ith  fresh  w afer in  an attem pt to  prevent 
death o f  th e  t e s t  f i s h .  I n h ib it io n  a t  th is  treatm ent le v e l  was rapid  
w ith  the production  o f maximum in h ib it io n  in  le s s  than 12 hours
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a /Table IV. Comparison o f  AChE in h ib it io n  potency by means o f  CI50 v a lu es  o f  th e  ten  in s e c t i c id e s  
en tered  in  th e  channel c a t f i s h  p oo l experim ent.
Treatment 1 Treatment 2 Treatment 3 Treatment 4
CI50
I n s e c t ic id e  Value Cone. Max. Cone. Max. Cone. Max. Cone. Max.
(ppm) (ppm) In h ib . 
(%)
(ppm) In h ib . 
(%)
(ppm) In h ib .
a )
(ppm) Inhib
a )
Dursban 0.009 0.01 50 0 .0 5 0 95 0.05 89 - -
Methomyl 0 .016 .05 65 .075 65 .10 73 0 .20 73
Carbofuran 0 .1 9 0 .10 36 .500 88 .75 50 .75 59
A zinphosm ethyl < 0 .500 .50 99 - - - -  ■ - -
A ld icarb 0.315 .10 26 .750 81 2 .5 0 84 - -
D icrotophos 1.000 1.00 53 2 .5 0 0 75 - - - -
M ethyl P arath ion 1 .050 1.00 48 1 .500 75 1.75 81 - -
M alathion 1 .800 2 .00 60 4 .0 0 0 89 - - - -
Carbaryl 2 .000 2 .00 50 4 .0 0 0 74 2 .5 0 68 - -
Monocrotophos < 5 .0 0 0 5 .0 0 86 - - - - - -
50 ~ C oncentration  in s e c t i c id e  req u ired  to  produce 50% AChE in h ib it io n  w ith ou t regard to  tim e 
o f exposure. V alues are obtained  from a p lo t  o f  lo g  in s e c t i c id e  c o n cen tra tio n  and maximum 
p ercen t in h ib it io n  on a p ro b it s c a le .
T able V. Number o f p o st-trea tm en t days req u ired  for  channel c a t f i s h  b ra in  AChE a c t i v i t y  to  recover  to  
20 , 5 0 , and 80% o f  th e normal a c t i v i t y  when reco v ery  i s  a llow ed  to  proceed w ith  th e f i s h  
rem aining in  th e p ool treatm ent w ater .
Treatment
I n s e c t ic id e 1 2 3 4
%
o f
Nor.
20%
£ /
50% 80%
% 
o f  
N or.
20% 50% 80%
%
o f
Nor.
20% 50% 80%
%
o f
Nor.
20% 50% 80%
C arbaryl 50 - - 7 26 - 4 6 32 - 3 9 - - - -
Carbofuran 64 - - 9 12 3 6 9 50 - 3 - 41 - 2 10
Methorny1 35 - 2 > 7 35 - 3 8 27 - 7 14 27 - 2 16
A ld icarb 74 - - 6 19 3 9 12 16 3 .5 6 18 - - - -
M ethyl P arath ion  52 - - 20 25 - 9 22 19 3 4 .5 30 - - - -
M alathion 40 - 3 .5 10 7 7 13 >23 11 2 .5 11 >40 - - - -
Monocrotophos 14 >16 - - - - - - - - - - - - - -
Dicirotophos 47 - 8 12 25 - 22 > 22 - - - - - - - -
A z inphosm ethy1 1 15 23 35 - - - - - - - - - - - -
Dursban 50 - - 14 5 16 >22 - 11 23 30 48 - - - -
—^ Figures g iven  in  th e  % o f normal columns rep re se n t th e  minimum % o f  normal observed (maximum in h ib it io n )  £
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Figure 1 . Changes in  channel c a t f is h  brain  AChE a c t iv ity  subsequent 
to  pool treatm ents w ith  monocrotophos and azinphosmethyl 
(s o l id  l in e s )  and during recovery in  aquaria water 
(broken l i n e s ) .  Graphs are o f data shown in  Appencix 
Tables 5 and 15 (monocrotophos) and 6 and 16 
(azinphosm ethyl).
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(F igure 1, Tables 6 and 1 6 ). I n h ib it io n  remained in  th e range o f  
96-99% for  7 days and was more than 85% for  14 days. Azinphosmethyl 
was found to  be a poten t in h ib ito r  o f  channel c a t f i s h  brain  AChE 
w ith  an estim ated  Cl^g v a lu e  o f  0 .5  ppm (Table IV ). AChE in h ib ite d  
by t h is  in s e c t ic id e  recovered  in  an aquarium to  20 , 50 , and 80% o f  
normal a c t iv i t y  w ith in  approxim ately 11, 17, and 20 days, r e s p e c t iv e ly ,  
as compared to  approxim ately 15, 23 , and 35 days fo r  pool recovery  
(Table V I). However, recovery  in  th e pool was probably enhanced by 
p a r t ia l  replacem ent o f th e  treatm ent w ater.
D icrotophos was observed to  be a slow  in h ib ito r  (F igure 2 ,
Tables 7 and 17) req u ir in g  7 days a t  1 .0  ppm and 14 days a t  2 .5  
ppm to  reach maximum in h ib it io n .  Cljjg va lu e for  d icrotophos was 
1 .0  ppm (T able IV ). Brain AChE in h ib ite d  by d icrotophos required
8 and 12 days (Treatment 1) and 22 and more than 22 days (Treatment
2) to  recover to  50 and 80% o f th e normal enzyme a c t iv i t y ,  r e s p e c t iv e ly  
(Table V ). Whereas, AChE recovery  in  aquarium w ater requ ired  only
9 and 26 days to  recover to  50 and 80% o f  normal a c t iv i t y  r e s p e c t iv e ly  
(Table V I ) .
M alathion produced maximum in h ib it io n  o f  channel c a t f is h  brain  
AChE w ith in  1 to  3 days (F igure 3 , Appendix Tables 8 and 18). A 
CI^q va lu e o f  1 .8  ppm was c a lc u la te d  for  m alath ion; th e r e fo r e , t h is  
in s e c t ic id e  was one o f  th e  le a s t  p oten t in h ib ito r s  stu d ied  (Table 
IV ). AChE in h ib ite d  by m alath ion  began recovery  a f te r  on ly  1 to  3 
days exposure (F igure 3 );  however, com plete recovery  was lengthy a t  
the 4 ppm c o n cen tra tio n s . Table V shows th a t the tim e required for
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Figure 2 . Changes in  channel c a t f is h  brain AChE a c t iv i t y  subsequent 
to  pool treatm ents w ith  dicrotophos ( s o l id  l in e s )  and 
during recovery in  aquarium water (broken l i n e ) . Graphs 
are o f data shown in  Appendix Tables 7 and 17.
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Figure 3 . Changes in  channel c a t f is h  brain  AChE a c t iv i t y  subsequent 
to  pool treatm ents w ith  m alathion ( s o lid  l in e s )  and 
during recovery in  aquarium water (broken l i n e ) . Graphs 
are o f data shown in  Appendix Tables 8 and 18.
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AChE a c t iv i t y  to  return  to  80% o f  normal was 10, > 2 3 , and> 4 0  days, 
r e s p e c t iv e ly  for  the th ree  trea tm en ts. R ecovery p a ttern s  in  the  
la s t  two treatm ents ( 4 .0  ppm each) was t y p if ie d  by AChE a c t iv i t y  
le v e l in g  o f f  and rem aining in  th e reg io n  o f  40-70% o f normal for  
p eriod s o f  13-36 or more days (F igure 3 ) .  AChE recovery  in  an 
aquarium r e su lte d  in  e s s e n t ia l ly  th e  same recovery  p a ttern  as th a t  
ju s t  d escr ib ed .
Channel c a t f is h  b ra in  AChE changes subsequent to  m ethyl 
parath ion  treatm ents are shown in  F igure 4 and l i s t e d  in  Appendix 
Table 9 and 19. The in h ib it io n  potency o f  m ethyl parath ion  was 
m oderate, w ith  th e CI^q va lu e o f 1 .05 ppm (Table IV ). The recovery  
p rocess was observed to  begin  sooner w ith  each s u c c e s s iv e  treatm en t, 
e s p e c ia l ly  recovery  from 20% to  50% o f  normal a c t iv i t y .  Recovery  
le v e le d  o f f  in  the reg io n  o f 40-70% fo r  p erio d s o f  22-42 +  days, 
thus pro longing  com plete recovery . Table V shows AChE in h ib ite d  
by m ethyl parath ion  to  requ ired  20-30 days in  p oo ls for  recovery  
to  80% o f  normal a c t iv i t y  a f te r  th e  3 p ool trea tm en ts. Recovery  
in  p oo ls  requ ired  3 , 4 .5 ,  and 30 days to  retu rn  to  20, 50 , and 80%, 
r e s p e c t iv e ly  a s  compared to  5 .5 ,  18, and 30 days in  an aquarium. 
E arly s ta g e s  o f  recovery were f a s t e r  in  th e  pool w ater (T ables V and 
V I).
Dursban was found to  be th e  most p o ten t in h ib ito r  o f  th e
{ n C A A f  o  a / 3  r.*4 4*1% •» P T  1 «  _ JZ  A  A A A    t  m _  .  t t t V
x « 8 S  S w u w j . 2 u  H i c u  o  ^ q  v a i U e  O i  u •  U \ j y  ppm 1 4 . 3 0 j l £  j l v / „
I t  was observed to  e x h ib it  a very  slow  recovery  r a te  (F igure 5 , 
Appendix Tables 10 and 20) in  a d d it io n  to  b ein g  a h ig h ly  p oten t
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in h ib ito r . R ecovery o f  in h ib ite d  AChE in  p oo ls  required 16 and 23 
days to  return  from 5% (treatm ent 2) and 11% (treatm ent 3) up to  
20% o f the normal; w hereas, 48 days were required  to  recover to 80% 
in  treatm ent 3 (Table V ). AChE recovery  from Dursban in h ib it io n  was 
slow er in  aquaria than th a t observed in  th e p oo l. Aquarium recovery  
required  39 , 62 , and 65 +  days to  recover to  20, 50 , and 80% as
compared to  23, 30 , and 48 days required  in  the pool (Table V I).
Dursban in h ib ite d  AChE recovery in  p ools was probably slowed s in ce  
treatm ent 3 was made when the f i s h  were s t i l l  exp erien cin g  22% 
in h ib it io n .
Channel c a t f i s h  brain  AChE changes subsequent to  a ld icarb  
treatm ents are shown in  F igure 6 and l i s t e d  in  Tables 11 and 21. 
A ld icarb  was found to  be a p oten t in h ib ito r  (CI^q va lu e o f  0 .315 ppm); 
however, recovery  i s  com plete w ith  10-20 days a f t e r  treatm ent 
(T ables IV and V ). AChE a c t iv i t y  in  aquaria returned to  80% o f the  
normal w ith in  6 days as compared to  18 days in  the pool (Table VI)
E xposure-recovery p attern s o f  AChE a c t iv i t y  changes subsequent to  
carbaryl treatm ents are  shown in  Figure 7 and in  Appendix Table 12 and
22. The va lu e for  carbary l was h igh  (2 .0  ppm) and pool recovery
was com plete w ith in  10 p ost-trea tm en t days (F igure 7 , Table V). AChE 
recovery was e s s e n t ia l ly  id e n t ic a l  in  aquarium w ater (8 days) and in  
pool water (9 days) fo r  retu rn  to  80% o f normal enzyme a c t iv i t y  in  
aquarium and pool w ater, r e s p e c t iv e ly  (Table VI)
Changes in  brain  AChE a c t iv i t y  subsequent to  treatm ents w ith  
carbofuran are shown in  F igure 8 and in  Appendix Tables 13 and 23.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
%
 OF
 
NO
RM
AL
 
AC
hE
 
AC
TI
VI
TY
0 .1  ppm80
Treatment 1
ALDICARB
2 0 ’
2520
100
Treatment 280
40
2 0 '
20
100
80
40
Aquarium
,, Pool
20
DAYS AFTER TREATMENT
Figure 6 . Changes in  channel c a t f is h  brain  AChE a c t iv i t y  subsequent 
to  pool treatm ents w ith  a ld icarb  ( s o lid  l in e s )  and during 
recovery in  aquarium water (broken l i n e ) . Graphs are of  
data shown in  Appendix Tables 11 and 21.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
%
 OF
 
NO
RM
AL
 
AC
hE
 
AC
TI
VI
TY
2 ppm
601 Treatment 1
40
CARBARYL
20
2420
100
80
Treatment 260
40
20
2520
100
80
€
New Fish
o- <3 Aquarium
n___ n Pool
20
DAYS AFTER TREATMENT
Figure 7» Changes in  channel c a t f is h  brain  AChE a c t iv i t y  subsequent 
to  pool treatm ents w ith  carbaryl ( s o l id  l in e s )  and during 
recovery in  aquarium water (broken l i ne) ° Graphs are o f  
data shown in  Appendix Tables 12 and 22«
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
%
 OF
 
NO
RM
AL
 
AC
hE
 
AC
TI
V
IT
Y
100
0 .1  ppm
Treatment 1
60
100
80
0 .5  ppm
Treatment 2
CAEBOFURAN
2 0 .
20 22
80
0.75 ppm
60
Treatment 3
40
20
(00
80
60 Treatment 4
o------© Aquarium
0----- o Pool
4a
20
24 26 27
DAYS AFTER TREATMENT
Figure 8 . Changes in  channel c a t f is h  brain  AChE a c t iv i t y  subsequent 
to  p oo l treatm ents w ith  carbofuran (s o lid  l in e s )  and 
during recovery in  aquarium water (broken l i n e ) . Graphs 
are o f data shown in  Appendix Tables 13 and 23.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
66
Carbcfuran was observed to  be a h ig h ly  p oten t AChE in h ib ito r  (CI^q 
value o f  0 .19  ppm, Table IV ). In c o n tr a s t , AChE recovery to  80% o f  
the normal a c t iv i t y  was rap id , r eq u ir in g  on ly  9-10  days in  pool water
(Table V) compared w ith  on ly  5 .5  days in  aquarium w ater (Table V I).
Changes in  channel c a t f i s h  brain  AChE a c t iv i t y  subsequent to  
treatm ents w ith  methomyl are shown in  F igure 9 and in  Appendix Tables  
14 and 24. Methomyl had a CI^q v a lu e  o f  0 .016  ppm; th e r e fo r e , th is  
compound ranked second only to  Dursban as th e most p oten t in h ib ito r  
o f  the in s e c t ic id e s  stud ied  (Table IV ). Pool recovery r a te s  for  the  
4 treatm ents were 7+, 8 , 14, and 16 days required fo r  AChE a c t iv i t y  
to  return  to  80% o f the normal (T able V ). Recovery was more rapid in  
pool treatm ent w ater than in  aquarium water w ith  2 and 6 days required  
in  pool water for  return  to  50 to  80% as compared w ith  4 .5  and 9 days
in  aquarium w ater (Table V I ) .
AChE In h ib it io n  Potency and I n h ib it io n  Recovery C h a r a c te r is t ic s  
Of th e  Ten I n s e c t ic id e s  Compared 
C alcu lated  CI^q v a lu es  for  th e 10 t e s t  in s e c t ic id e s  are shown 
in  Table IV. Dursban was by far  th e most p oten t in h ib ito r  w ith  a CI^q 
valu e o f 0 .009  ppm. Other h ig h ly  p o ten t in h ib ito r s  and th e ir  CI^q v a lu es  
were methomyl (0 .016  ppm), carbofuran (0 .1 9  ppm), azinphosm ethyl 
( 0 .5  ppm), and a ld ica rb  (0 .315  ppm). The in s e c t ic id e s  e x h ib it in g  
moderate to  low in h ib it io n  potency were d icrotophos ( 1 .0  ppm), m ethyl 
parath ion  (1 .0 5  ppm), m alathion (1 .8  ppm), carbary l (2 .0  ppm), and 
monocrotophos ( 5 .0  ppm).
AChE in h ib it io n  recovery r a te s  for  the 10 t e s t  in s e c t ic id e s
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subsequent to  p ool treatm ents are shown in  Table V and recovery  
in  pool and aquarium w ater are summarized in  Table V I. R esu lts  
in d ic a te  th a t th e carb am ate-in h ib ited  AChE returned to  normal 
a c t iv i t y  a t  a much more rapid r a te  than organophosphate compounds. 
The observed r a te s  fo r  carbamate in h ib it io n  were near o n e -h a lf  the 
len g th  o f  tim e required  by organophosphate in h ib it io n .  This can 
b e s t  be observed in  Table VI where the lo n g e s t  time required for  
AChE in h ib ite d  by carbamate to  recover  to  80% o f the normal a c t iv i t y  
was 18 days (a ld ic a rb ) as compared to  30 days fo r  the sh o r te s t  time 
required  by organophosphate (m ethyl p arath ion ) in h ib it io n .  Carbaryl- 
and ca rb o fu ra n -in h ib ited  AChE c o n s is t e n t ly  ex h ib ite d  f a s t  recovery  
( 6-10  days) and methomyl and a ld ic a r b  required  s l i g h t l y  longer  
p eriod s (6-18  days) fo r  recovery to  80% o f  th e normal a c t iv i t y  
(Table V ). AChE in h ib ite d  by m ethyl parath ion  had the most rapid  
recovery  r a te  o f  the organophosphate in s e c t i c id e s  (80% of normal 
w ith in  20-30 d a y s ). This in s e c t ic id e  was fo llow ed  by m alathion  
(10 to  >40 d a y s ), d icrotophos (13 t o > 2 2  d a y s ), azinphosm ethyl 
(35 d a y s), and Dursban (48 d a y s). No data are a v a ila b le  from pool 
recovery  s tu d ie s  w ith  monocrotophos, although  a t  16 days a f te r  
exposure th e enzyme a c t iv i t y  was s t i l l  below  20% o f  the normal AChE 
a c t iv i t y .
G en era lly , in h ib ite d  AChE returned  to  i t s  normal a c t iv i t y  a t  
a more rapid  r a te  in  aquaria than in  the p ool treatm ent water  
(Table V I). Methomyl- and D u rsb an -in h ib ited  AChE recovered fa s te r
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Table VI. Number o f  p o st-trea tm en t days req u ired  fo r  channel c a t f i s h  b ra in  AChE a c t i v i t y  to  recover  
to  2 0 , 5 0 , and 807« o f the normal a c t i v i t y  from th e  p ercen t o f  normal a c t i v i t y  recorded  
a t  recovery  t e s t  i n i t i a t i o n .  R ecovery i s  compared in  f i s h  removed to  uncontam inated  
w ater in  aquaria w ith  th o se  rem aining in  p oo l treatm ent w ater.
% N  No. Post-T reatm ent Days Required For R ecovery
I n s e c t ic id e a t
S ta r t
Aquarium Pool
20% 50% 80% 20% 50% 807,
Methomyl 51 - 4 .5 9 - 2 6
Carbaryl 32 - 1.5 8 - 3 9
Carbofuran 41 - 1.5 5 .5 - 2 10
A ld icarb 16 3 .1 2 3 .5 6 3 .5 6 18
M. P arath ion 19 5 .5 18 30 3 4 .5 30
M alathion 11 2 .5 12 >33 2 .5 11 > 40
A zinphosm ethyl 3 11 17 20 15 23 35
D icrotophos 19 - 9 26 - 22 > 22
Monocrotophos 17 - 19 36 >16 - -
Dursban 13 39 62 > 65 23 30 48
O'VO
70
in  the p oo ls; w hereas, AChE in h ib ite d  by m ethyl parathion and 
m alathion recovered  a t  the same r a te s  under both c o n d itio n s . AChE 
recovery  from in h ib it io n  by carbaryl was only  s l ig h t ly  more rapid  
in  aquarium w ater; however, th a t in h ib ite d  by carbofuran, a ld ic a r b ,  
azinphosm ethyl, and d icrotophos recovered in  le s s  than o n e-h a lf the 
time required fo r  recovery to  80% o f normal a c t iv i t y  in  pool w ater. 
Data were not a v a ila b le  fo r  monocrotophos in h ib it io n  recovery in  
pool w ater.
Occurrence and D escr ip tio n  o f  S c o l io s is  
The d ic tio n a r y  d e f in it io n  o f  s c o l i o s i s  i s  a la te r a l  curvature  
o f  the sp in e . An e f f e c t  such as t h is  was observed by Meyer (1966) 
in  golden sh in ers  exposed to  h igh  con cen tra tion s o f  Dylox 
( t r ic h lo r o fo n ) .
Channel c a t f is h  were observed to  develop s c o l io s i s  as an e f f e c t  
o f  su b le th a l p ool treatm ents o f  organophosphate and carbamate in s e c t i ­
c id e s .  Each in s e c t ic id e  stu d ied  was observed to  e f f e c t  s c o l io s i s  
during pool trea tm en ts. Data showing the frequency o f  s c o l io s i s  
occurrence are g iv en  in  Appendix Table 26 and summarized in  Table V II. 
The maximum occurrence o f  s c o l i o s i s  was observed on approxim ately the 
8^  day a f t e r  treatm en t, in d ic a t in g  th a t the period  o f s t r e s s  during  
high  degrees o f  in h ib it io n  may be required  to  produce s c o l i o s i s .
Those in s e c t ic id e s  which produced the h igher degrees o f  AChE 
in h ib it io n  ( 90%) and required  the longer recovery periods (Table V)
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Table V II. Frequency (%) o f  channel c a t f is h  e x h ib it in g  s c o l i o s i s  
as a r e s u lt  o f  pool treatm ents w ith  ten  c h o lin e sto r a se  
in h ib it in g  in s e c t i c id e s ,  L ouisiana S ta te  U n iv ers ity  
Ben Hur Farm, Baton Rouge, 1970^-' .
I n s e c t ic id e Cone.
(ppm)
Max. 
In h ib .
a )
Percent Occurrence o f  S c o l io s i s :
3
Days a f te r  Treatment 
8 15 22
Azinphosmethyl 0 .05 99 - 100 97 94
M alathion 4 .0 0 93 44 75 60 -
Dursban 0.05 95 45 73 64 68
Carbofuran 0 .10 88 40 60 47 34
Carbaryl 2 .00 74 18 4 5 2
Methyl Parathion 1 .00 75 0 14 13 7
Dicrotophos 1 .00 75 0 3 5 7
Monocrotophos 5 .0 0 86 - 25 20 -
A ldicarb 2 .5 0 84 34 - - -
Methomyl 0 .20 73 15 - - -
5 /S e e  Appendix Table 26 fo r  a d d it io n a l data concerning frequency o f  
s c o l i o s i s .
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con cu rrently  e f fe c te d  the g r e a te s t  frequency o f  s c o l i o s i s  in  j ish  
(Table V II ) . Thus, azinphosm ethyl, m alath ion , Dursban, and carbo- 
furan produced a h igher frequency o f  f i s h  e x h ib it in g  s c o l i o s i s .
The e x te n t o f  in h ib it io n  seemed to  be co rr e la ted  w ith  the quanti­
t a t iv e  production o f f i s h  w ith  s c o l i o s i s  (Table V II); however, the 
len gth  o f  time required  for  recovery  appears to  determ ine the  
disappearance r a te  o f  e x ter n a l symptoms o f  s c o l i o s i s .  A c tu a lly , 
the d e c lin e  in  the frequency o f  f i s h  showing e x ter n a l evidence o f  
s c o l i o s i s  corresponds w e ll  w ith  recovery o f  the in h ib ite d  AChK.
The e x te r n a l appearance o f  th is  e f f e c t  (shown in  F igure 10) 
can b e s t  be d escrib ed  in  th at i t  c lo s e ly  resem bles the s id e  view  o f  
a knuckle on a f in g e r . The in te r n a l appearance i s  u su a lly  ch a ra cter­
iz ed  by the presence o f  lo c a liz e d  hemorrhaging (se e  F igure 11) in  the 
area o f  the a f fe c te d  v erteb ra e . S ince the vertebrae are a c tu a lly  
forced  out o f  p o s it io n ,  (see  c lo se -u p  in  Figure 12) hemorrhaging 
could p o ss ib ly  be caused during the process o f  la t e r a l  movement o f  
the v erteb ra e . This movement m ight p la ce  a s c i s s o r - l ik e  s tr e s s  on 
the caudal a r te r y , two p o s te r io r  ca rd in a l v e in s  and a caudal vein  
lo ca ted  w ith in  the haemal can al and p ro tected  by the haemal arches 
o f  the verteb ra e .
The ex ter n a l symptoms (th e  k n u ck le -lik e  appearance) w eie  
observed to  e s s e n t ia l ly  d isappear as AChE a c t iv i t y  returned l:o 
normal. F ish  trea ted  w ith  Dursban were examined 9 months a f t e r  
treatm ent in  p oo ls  and ex ter n a l symptoms were not d e te c te d . However,
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
F igure 10. Channel c a t f i s h  f in g e r l in g s  e x h ib it in g  th e knuckle­
l ik e  ex ter n a l symptoms o f s c o l i o s i s ,  a la t e r a l  curvature  
o f  th e sp in e . The top  f i s h  i s  norm al.(IX )
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 11. Channel c a t f i s h  f in g e r l in g s  showing the in te r n a l  
symptoms o f s c o l i o s i s .  A lo c a liz e d  hemorrhage 
occurring in  th e area o f  th e  a f fe c te d  vertebrae  
i s  t y p ic a l .  The top f i s h  i s  norm al.(IX )
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
F igure 12. C lose-up  showing th e  la t e r a l  d e v ia tio n  ( s c o l io s i s )  
o f th e  sp in e.(10X )
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F igure 13. Fused vertebrae and areas o f  calcium  d ep o s itio n  revea led  
upon d is s e c t io n  o f apparently  normal channel c a t f i s h  
nine months a f te r  pool treatm ent.
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d is s e c t io n  revea led  th a t the a f fe c te d  vertebrae (u su a lly  2 , but 
o c c a s io n a lly  3 or 4 ) were fused  to g eth er  by an area o f  calcium  
d ep o s it io n  (se e  F igure 1 3 ). L a tera l curvature was s l ig h t ;  however, 
the area o f  s c o l i o s i s  could  be d e tec ted  by sm all departures from 
the normal alignm ent o f  the v e r te b r a l column.
Experiment I I
R e la tio n sh ip s  o f  brain  AChE in h ib it io n  to  time o f  exposure, 
in h ib ito r  con cen tra tio n  and symptom appearance in  channel c a t f is h  
exposed to  c h o lin e s te r a se  in h ib it in g  in s e c t ic id e s .
AChE In h ib it io n -t im e -c o n c e n tr a tio n  R e la tio n sh ip s
The s ig n if ic a n c e  o f  a s p e c i f i c  le v e l  o f  AChE in h ib it io n ,  w ith  
r e sp ec t to  the e f f e c t s  observed in  the f is h  exp erien cin g  in h ib it io n ,  
i s  not w e ll understood. T herefore, t e s t s  were conducted w ith  channel 
c a t f is h  exposed to  ten  c h o lin e s te r a se  in h ib it in g  in s e c t ic id e s  from 
12 to  168 hour p eriod s in  20 l i t e r  aquaria . Data were c o l le c t e d  by 
m onitoring changes in  AChE a c t iv i t y  and po ison in g  symptoms on a 
tim e-course b a s is  as the experim ents progressed .
R esu lts  i l lu s t r a t in g  r e la t io n s h ip s  o f  AChE in h ib it io n  to  time 
o f exposure and co n cen tra tio n  o f  in h ib ito r  are shown g ra p h ic a lly  
for  each in s e c t ic id e  in  F igures 14 through 18. The graphs i l lu s t r a t e  
th a t th ere are d e f in i t e  r e la t io n s h ip s  o f AChE in h ib it io n  to  time and 
co n cen tra tio n .
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The carbamate in s e c t i c id e s  stu d ied  (a ld ic a r b , methomyl, 
ca rb a ry l, and carbofuran) a l l  produced maximum in h ib it io n  in
hours or le s s  (F igures 14 and 1 5 ). In com parison, the organo­
phosphate in s e c t ic id e s  (F igures 16, 17, and 18) produced maximum 
in h ib it io n  in  2-8 hours (m a la th ion ), 12 hours (azinphosm ethyl),
24 hours (m ethyl p a ra th io n ), 48 hours (d ic r o to p h o s), 48 + hours 
(D ursban), and 168 hours (m onocrotophos). Subsequent to  the  
production o f  maximum in h ib it io n  by carbam ates, the AChE a c t iv i t y  
o fte n  s ta r te d  trends o f  reco v ery . In  some in s ta n c e s , AChE a c t iv i t y  
again  began to  d e c lin e  (a ld ic a r b , F igure 14; and ca rb ary l, F igure 1 5 ), 
e s p e c ia l ly  a f t e r  sharp recovery  tren d s . This rebound o f in h ib it io n  
subsequent to  sharp in c r e a se s  in  AChE a c t iv i t y  was observed in  the
p rev io u s ly  d escrib ed  p ool and aquarium recovery  t e s t s  and w i l l  be
d iscu ssed  la t e r .
The r e la t io n s h ip  between tim e and co n cen tra tion  can be b est  
i l lu s t r a t e d  by the fo llo w in g  o b serv a tio n . Lower co n cen tra tio n s  
(cau sin g  0-20  to  40% m o r ta lity )  req u ire  longer periods o f  time to  
reach maximum in h ib it io n ;  w hereas, h igh er co n cen tra tio n s (cau sin g  
80-100% m o r ta lity )  u su a lly  produce maximum in h ib it io n  and cause 
death w ith in  much sh o rter  tim es (s e e  m alath ion , F igure 16; 
azinphosm ethyl. F igure 17; and d icro to p h o s , F igure 18).
Another method w ith  which to compare the in h ib it io n  p o ten c ie s  
and AChE in h ib it io n  r e la t io n s h ip s  to  tim e o f  exposure and concen­
tr a t io n  o f  the in h ib ito r  i s  through th e  c a lc u la t io n  o f _in v iv o  pl^g
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Figure 14. Changes in  b ra in  AChE a c t iv i ty  subsequent to  exposures o f  
channel c a t f is h  to  a ld icarb  and methomyl in  20 l i t e r  
aquaria.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
%
 OF
 
NO
RM
AL
 
AC
hE
 
AC
TI
VI
TY
90 CARBARYL
© -2 .5  ppn. 
© - 2 .0  ppm
O - 1 .0  ppia
® -0 .5  ppm
& -0 .2  ppm
80 .
70
60 -
40
30
10 .
24 48
100
CARBOFURAN
O - 1 .0  ppm 
A - 0 .8  ppm 
D - 0.6  ppm 
0  - 0 .4  ppm 
A - 0 .2  ppm
80
70
60
50
48
EXPOSURE TIME (HRS)
Figure 15. Changes in  brain  AChE a c t iv i t y  subsequent to  exposures o f  
channel c a t f is h  to  carbaryl and carbofuran in  20 l i t e r  
aquaria.
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Figure 16. Changes in  brain AChE a c t iv ity  subsequent to  exposures o f  
channel c a t f is h  to  methyl parathion and malathion in  20 
l i t e r  aquaria.
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Figure 17. Changes in  brain  AChE a c t iv i t y  subsequent to  exposures o f  
channel c a t f is h  to  azinphosmethyl and Dursban in  20 
l i t e r  aquaria.
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Figure 18. Changes in  brain  AChE a c t iv ity  subsequent to  exposures o f  
channel c a tf is h  to  monocrotophos and dicrotophos in  20 
l i t e r  aquaria.
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v a lu e s .  Such va lu es  rep resen t the con cen tra tion  o f in h ib ito r  
( in  ppb) requ ired  to  produce 507„ AChE in h ib it io n  in  a s p e c if ie d  
len g th  o f  tim e. V alues were ob tained  by p lo t t in g  in h ib ito r  
co n cen tra tio n  in  ppb (x -a x is )  on a log  s c a le  a g a in st  percent 
in h ib it io n  on a p ro b it s c a le  ( y - a x i s ) . This method o f e s ta b lis h in g  
pI^O v a lu es  has been employed by Voss (1966). Table V III l i s t s  the  
pIcjQ v a lu es  fo r  the 10 in s e c t i c id e s  s tu d ie d . The gen era l response  
o f  AChE in h ib it io n  in  r e la t io n  to  tim e and con cen tra tion  i s  for  
g rea te r  co n cen tra tio n s  to  be requ ired  a t  the sh o rter  exposure tim es  
fo r  50% in h ib it io n  to  be ach iev ed . T herefore, the PI50 va lu es  
u su a lly  decrease  as exposure tim es in c r e a se . This e f f e c t  i s  w e ll  
i l lu s t r a t e d  when the PI50 v a lu e s  fo r  the organophosphate compounds 
are compared. These compounds in h ib it  AChE a t a slow er ra te  than 
do the carbam ates. P ro g r essiv e  d ecreases in  % in h ib it io n  are 
observed over a longer period  o f  tim e; th e r e fo r e , the PI50 v a lu es  
d ecrease  a c co r d in g ly . AChE a c t iv i t y  changes subsequent to the 
atta inm ent o f  maximum in h ib it io n  w i l l  be r e f le c t e d  in  pl^g v a lu e s .
For exam ple, w ith  a ld ica rb  and carb a ry l, AChE a c t iv i t y  begins to  
recover but then drops a g a in . The P ^ q v a u^es f ° r a ld ica rb  (Table V III) 
are 105 ppb a t 2 hours (maximum in h ib i t io n ) ,  270 ppb a t  the 10 hour 
recovery  peak (F igure 1 4 ), and down to  140 ppb a t  24 and 48 hours 
when the in h ib it io n  was in  th e  reg io n  o f the o r ig in a l maximum 
in h ib it io n .
When pl^Q v a lu es  (Table V III) are used as the c r i te r io n  to  
compare th e in h ib it io n  p oten cy , methomyl i s  the most poten t (50 ppb)
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Table V III . R e la tio n sh ip s  o f  brain  AChE in h ib it io n  to  time of 
exposure and treatm ent con cen tra tio n s o f s e le c te d  
organophosphate and carbamate in s e c t ic id e s  in  channel 
c a t f i s h ,  I c ta lu r u s  p u n cta tu s, when trea ted  in  aquaria.
I n s e c t ic id e
Min.
* 0  '[ppb) a t  Times 
Hrs.
In d ica ted
20 1 4 24 48
Methorny1 50 74 - 27 7 .4
Carbofuran 75 44 - - 190
Dursban 125 - 93 61 40
Azinphosm ethyl 1 8 5 ^ 95—/ 26£/ 7 .3 1 / -
A ld icarb 320 200 140 140 105
Carbaryl 625 380 325 240 310
M ethyl Parathion - - 1 ,050 780 460
M alathion 1 ,050 300 1,500 - -
D icrotophos 29 ,000 18 ,000 5 ,0 0 0 1,450 660
Monocrotophos > 40 ,000 >40 ,000 26,000 3,300 1,350
^  = 10 min. 
—^  = 30 min. 
-  = 2 h rs.
= 12 h rs.
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in s e c t ic id e  when exposures are o f  sh ort duration  (20 m in u te). 
Methomyl i s  fo llow ed  by carbofuran (75 ppb), Dursban (125 ppb), 
azinphosm ethyl (185 ppb for 10 m inutes) and a ld ica rb  (320 ppb) 
to  make up the 5 most poten t in h ib ito r s .  The le s s  potent 
in h ib ito r s  are carbaryl (625 ppb), m ethyl parathion ( > 1 ,0 5 0  ppb), 
m alathion (1 ,050  ppb), d icrotophos (29 ,000  ppb), and monocrotophos 
(> 4 0 ,0 0 0  ppb). At 48 hour exp osu res, the la s t  5 in s e c t ic id e s  do 
not change in  ranking. However, a t  th is  length  o f  exposure in  a 
s t a t i c  system , azinphosm ethyl becomes the most p oten t in h ib ito r  
fo llow ed  by methomyl, Dursban, a ld ica rb  and carbofuran.
AChE Inhibition-sym ptom  Appearance
C onsiderable d i f f i c u l t y  was encountered when attem pts were 
made to  a sc r ib e  the appearance o f  a s p e c i f ic  symptom to  a co rr es­
ponding le v e l  o f  AChE in h ib it io n  although both are e s s e n t ia l ly  
dependant upon the same fa c to r s ,  i . e .  con cen tration  o f  the to x ic a n t ,  
length  o f  exposure, and the speed o f in h ib it io n . F ish  trea ted  w ith  
high con cen tration s were noted to  succumb w ith in  a short time 
(1 -2  h ou rs). As a r e s u l t ,  some o f  the symptoms in  the to x ic a t io n  
p rocess were ra p id ly  passed through or e lim in ated  com p letely . 
T herefore, ob servation s o f  symptom appearance were r e s tr ic te d  to  
co n cen tra tion s a llow in g  a p ro g ress iv e  process o f  to x ic a t io n . The 
fo llo w in g  p resen ta tio n  o f  r e s u lt s  i s  a summary o f ob servation s to  
determ ine the appearance o f symptoms as r e la te d  to  a s p e c if ic  range 
o f  AChE in h ib it io n .
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F ish  e x h ib it in g  normal behavior u su a lly  d isp la y ed  continuous  
slow  swimming a c t iv i t y  in  the lower 1 /2  to  1/3 o f  the aquarium.
With the m ajority  o f  the t e s t  in s e c t ic id e s  (Table I ) , normal 
a c t iv i t y  was u su a lly  m aintained when AChE in h ib it io n  le v e ls  o f  
up to  50% were incurred .
Lethargy was one o f  the f i r s t  n o tic e a b le  symptoms o f  a n t i ­
c h o lin e s te r a se  in s e c t ic id e  p o ison in g  in  channel c a t f i s h .  Upon 
d istu rb an ce, f i s h  thus a f fe c te d  began to  e x h ib it  h yp eractive  
behavior ch a racter ized  by f a s t ,  e r r a t ic  swimming w ith  frequent 
changes in  d ir e c t io n . AChE in h ib it io n  in  the range o f  40-757, was 
observed to  c o r r e la te  w ith  the appearance o f  the p rev io u sly  d escribed  
symptoms.
Approxim ately 66-80% AChE in h ib it io n  by carbofuran, and to  some 
ex ten t m ethyl parath ion , causes f i s h  to  undergo a period  o f le th argy  
which was more in te n se  than th a t e a r l ie r  d escr ib ed . Such f i s h  
remained on the aquarium bottom e ith e r  on th e ir  s id e s  or in  normal 
p o s it io n  and ex h ib ite d  l i t t l e  or no movement. S tim u lation  w ith  a 
probe rod produced no h yp era ctiv e  response and m anipulation o f  such 
f is h  o ften  could be accom plished.
A co n d itio n  which appeared to  be a p a r a ly s is  o f  the body was 
the next symptom produced. Such p a r a ly s is  reduced the c a p a b ility  
fo r  la t e r a l  movement o f  th e caudal o n e -h a lf  o f  the body. S ince  
normal swimming movements were thus im paired, swimming was accom­
p lish ed  by la t e r a l  movements o f  the e n t ir e  caudal p ortion  o f the
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body as a n o n - f le x ib le  u n it .  Swimming behavior then became rap id , 
dashing movements w ith  the head on bottom and the body h eld  a t  
approxim ately a 45° a n g le  to  the bottom o f  th e aquarium. AChE 
in h ib it io n  accompanying body p a r a ly s is  was u su a lly  in  the range 
o f 65-86%.
S c o l i o s i s ,  a la t e r a l  curvature o f  th e sp in e , seemed to  occur 
ju s t  subsequent to  th e p r e v io u s ly  d escrib ed  symptom. Body p a r a ly s is  
p la ce s  co n sid era b le  s t r e s s  on th e m usculature o f  the body and, in  
tu rn , the sp in e . T herefore, s c o l i o s i s  appears as a l ik e ly  r e s u lt  
o f  such s t r e s s .  S c o l io s i s  was observed to  occur w ith  AChE in h ib it io n  
in  the range o f  62-89%.
Loss o f  eq u ilib r iu m  fo llow ed  the p rev io u sly  d escrib ed  body 
p a r a ly s is .  F ish  w ith  lo s s  o f  eq u ilib r iu m  were observed to  swim in  
an uncoordinated manner. This symptom was observed to  be a s so c ia te d  
w ith  AChE in h ib it io n  in  the range o f  78-92%.
Loss o f  eq u ilib r iu m  was fo llow ed  by f le x u r e  o f  the op ercu les  
( g i l l  cov ers) and mouth in  an open p o s it io n .  These organs re ta in ed  
some movement but com plete c lo su r e  was im p ossib le; th u s, oxygen 
s t r e s s  and ev e n tu a lly  death r e s u lte d . D eterm ination o f AChE in h ib it io n  
le v e ls  which r e s u l t  in  death was d i f f i c u l t  because l iv e  f i s h  were taken  
fo r  a n a ly s is .  T herefore, AChE in h ib it io n  le v e l s  a s so c ia te d  w ith  death  
were based on: (1) AChE in h ib it io n  in  sample f is h  taken from aquaria
in  which death had occurred in  o th er  f i s h  and/or (2) AChE j. n h ib it io n  
in  sample f i s h  th a t appeared to  be very near death . The low est AChE
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in h ib it io n  l e v e l  a t  which death ensued was 50-65% (d icrotophos  
and carb ofu ran ). On th e  o th er  hand, as much as 95% AChE in h ib it io n  
was observed im m ediately p r io r  to  death . G enerally , the range o f  
AChE in h ib it io n  in d ic a t in g  the i n i t i a t i o n  o f death in  a group o f  
f i s h  was 65-85% under th e c o n d it io n s  o f  t h is  experim ent.
S eq u en tia l symptoms in  th e to x ic a t io n  p rocess and the a s so c ia te d  
AChE in h ib it io n  ranges are: h y p e r a c t iv ity  (35-75%), le th argy  (66-80%),
body p a r a ly s is  (65-86% ), s c o l i o s i s  (62-89% ), lo s s  o f  eq u ilib riu m  
(78-92% ), opercu lar and mouth p a r a ly s is  w ith  ensuing death (50-95% 
range w ith  the u sual range o f  65-85%).
Experiment I I I
The use o f  f i s h  b ra in  AChE to  m onitor c h o lin e s te r a s e - in h ib it in g  
in s e c t i c id e  contam ination  o f  w aters d ra in in g  two L ouisiana a g r i­
c u ltu r a l ecosystem s.
AChE a n a ly ses  r e s u l t s  o f  600 in d iv id u a l f i s h  are l i s t e d  fo r  
each area x s p e c ie s  com bination in  Appendix Tables 27 -38 . Date o f  
c o l l e c t io n ,  b ra in  w eight and AChE a c t iv i t y  in  micromoles o f  
su b str a te  (ASCh) hydrolyzed per minute per gram o f  brain  t is s u e  are 
included  in  th e  ta b le s  fo r  each in d iv id u a l f i s h  analyzed .
A n a ly sis  o f  covarian ce was employed to (1) remove th e p rev io u sly  
known e f f e c t  o f  b ra in  w eight on AChE a c t iv i t y  and (2) determ ine the 
occurrence o f  s t a t i s t i c a l l y  s ig n if ic a n t  changes in  AChE a c t iv i t y  
between c o l le c t io n  d a tes fo r  each area x  sp e c ie s  com bination. I t  
must be p o in ted  out th a t s t a t i s t i c a l  d if fe r e n c e s  between c o l le c t io n
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d a tes  does not n e c e s s a r ily  c o n s t itu te  ev idence o f  exposure to  a n t i-  
AChE in s e c t i c id e s .  For example, 2 out o f  the 3 sp e c ie s  in  the  
c o n tr o l area ex h ib ite d  s ig n i f ic a n t  d if f e r e n c e s .  A nalysis o f  
v a r ia n ce  determined th e p resence o f  s t a t i s t i c a l l y  s ig n if ic a n t  
changes in  AChE a c t iv i t y  due to  d ate o f  c o l le c t io n .  R egression  
a n a ly ses  were then performed fo r  those area x s p e c ie s  com binations 
in  which sea so n a l changes in  AChE a c t iv i t y  were id e n t i f ie d  by 
a n a ly s is  o f  v a r ia n ce . The r e g r e ss io n  equation  thus obtained  was 
used to  c a lc u la te  the sea so n a l AChE a c t iv i t y  p a ttern  for each area 
x s p e c ie s  com bination. Seasonal AChE a c t iv i t y  p a ttern s fo r  those  
area x  s p e c ie s  e x h ib it in g  n o n -s ig n if ic a n t  d if fe r e n c e s  in  AChE 
a c t i v i t y  between c o l le c t io n  d a tes were obtained  by s t r a ig h t - l in e  
con n ection  o f  th e le a s t  squares ad justed  AChE a c t iv i t y  means. 
T h erefore, departures from the normal or expected  season a l p attern  
o f  AChE a c t iv i t y  (based on Ben Hur Lake c o l le c t io n s )  were used to  
c o n s t i tu te  ev idence o f  past or p resen t exposure to  organophosphate 
or carbamate in s e c t i c id e s .
R esu lts  o f  s t a t i s t i c a l  a n a ly ses  are compiled for  each area x 
sp e c ie s  com bination in  Appendix Tables 3 9 -51 . Tables in c lu d e le a s t  
squares ad ju sted  AChE a c t iv i t y  means for  each c o l le c t io n  d a te , the 
a n a ly s is  o f  variance ta b le ,  and the re g r e ss io n  equation  ( i f  obtained  
fo r  th a t p a r t ic u la r  area x s p e c ie s  com bination) used to r e g r e ss  AChE 
a c t i v i t y  w ith  days s in c e  June 1.
C alcu lated  sea so n a l AChE a c t iv i t y  p a ttern s ( s o l id  l in e s )  and
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expected  sea so n a l AChE a c t iv i t y  p a ttern s (broken l in e s )  are  
g ra p h ica lly  i l lu s t r a t e d  fo r  b lu e g i l l  (Figure 1 9 ), channel c a t f is h  
(F igure 2 0 ) , and g izzard  shad (F igure 21) c o l le c te d  from each  
sample s i t e .  Expected season a l AChE a c t iv i t y  p a ttern s (broken l in e s )  
were drawn based on the normal p attern  o f  Ben Hur c o l le c te d  f i s h .  
T herefore, attem pts to  determ ine percent AChE in h ib it io n  were lim ited  
to  approxim ations s in c e  expected  p attern s were e y e - f i t t e d .  I t  should  
be noted th at although the season a l a c t iv i t y  p attern s are expected  to  
be s im ila r , th e r e la t iv e  p o s it io n s  o f th e curves w ith  resp ect to  the  
y -a x is  w i l l  vary s in c e  th a t a c t iv i t y  was ad justed  for  each area. 
Sm aller brains have h igher AChE a c t iv i t y .  T herefore, an area where 
sm aller f i s h  (w ith  sm aller b ra in s) were c o n s is te n t ly  c o l le c te d  would 
be expected  to  p o sse ss  an a c t iv i t y  p attern  h igher on the y -a x is  than 
an area where la rg er  f i s h  (with larger  b ra in s) were c o n s is te n t ly  
c o l le c t e d .  For th is  reason , mean brain  w eights (mg) are included  
in  the graphs (F igures 19-21) a t  the term ination  o f the a c t iv i t y  
p attern  fo r  each area .
B lu e g i l l  Sunfish  Seasonal AChE A c t iv ity  P atterns Compared
B lu e g i l l  AChE a c t iv i t y  was s ig n i f ic a n t ly  d if fe r e n t  between 
c o l le c t io n  d a tes  a t  a l l  m onitoring s i t e s  except Tensas R iver.
Ben Hur Lake (co n tro l area) b lu e g i l l  su n fish  ex h ib ited  a "U"- 
shaped season a l a c t iv i t y  p a ttern  (Figure 1 9 ). Based on th is  
o b serv a tio n , sea so n a l AChE a c t iv i t y  p attern s in  b lu e g i l l  su n fish
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Figure 19 . Seasonal AChE a c t iv i t y  pattern s ( s o l id  l in e s )  and
expected a c t iv i t y  pattern s (broken l in e s )  o f  b lu e g i l l  
su n fish , Lepomis m acrochirus, c o lle c te d  from f iv e  
lo c a tio n s  in  L ouisiana. Numbers in d ica te  mean brain  
w eight (mg) o f  f i s h  c o lle c te d  from each area.
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c o l le c t e d  from w aters r e c e iv in g  no in s e c t ic id e  contam ination would 
be expected  to  e x h ib it  a s im ila r  o v e r a ll  p attern  o f  season a l AChE 
a c t iv i t y .
B lu e g i l l  c o l le c t e d  from Bayou D an ia ls (sugarcane ecosystem ) 
ex h ib ite d  a sea so n a l AChE a c t iv i t y  p a ttern  which provided ev idence  
o f  sev ere  AChE in h ib it io n  (F igure 1 9 ). AChE a c t iv i t y  was approxi­
m ately 83% in h ib ite d  a t  August 10 and was more than 50% in h ib ite d  
from Ju ly  15 through September 10. However, a c t iv i t y  began a return  
to  normal le v e ls  subsequent to  th e  la s t  a p p lic a t io n  o f  azinphosm ethyl 
(August 1 4 ).
Seasonal a c t iv i t y  p attern s o f  b lu e g i l l  su n fish  c o l le c te d  from 
w aters d ra in in g  the cotton -soybean  ecosystem  (Lake S t. P eter  Canal, 
Big Choctaw Bayou, and Tensas R iver) a l l  ex h ib ite d  s im ila r  p a ttern s  
which in d ica te d  a co n sid era b le  red u ctio n  (17-59% in h ib it io n )  o f  AChE 
a c t iv i t y  in  la te -s e a so n  c o l le c t io n s  (F igure 1 9 ). The observed la t e -  
season  d ep ression  o f  AChE a c t iv i t y  c o in c id e s  w ith ; (1) widespread  
in s e c t ic id e  a p p lic a t io n s  for  la te -s e a s o n  co tto n  and soybean in s e c t  
c o n tro l and (2) the occurrence o f  s e v e r a l heavy r a in f a l l s  (4-6  cm) 
during the week preceding the August 24 c o l le c t io n s  from th ese  
stream s.
The red u ction  o f a c t iv i t y  was not as grea t in  Tensas R iver  
b lu e g i l l s  (17%) as compared to  the le v e ls  o f red u ctio n  observed in  
th ose from Big Choctaw Bayou and Lake S t .  P eter Canal (36 and 59%, 
r e s p e c t iv e ly ) .  The Tensas R iver i s  a much larger  stream; th e r e fo r e ,
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contam ination  would be su b je c t  to  co n sid era b le  d i lu t io n .  I t  i s  
reason ab le  to  assume th a t f i s h  c o l le c t e d  from Tensas R iver would 
r e f l e c t  t h is  d ilu te d  e f f e c t .
Channel C a tfish  S easonal AChE A c t iv ity  P atterns Compared
A n a ly sis  o f  var ia n ce  rev ea led  n o n -s ig n if ic a n t  changes in  
AChE a c t iv i t y  in  channel c a t f i s h  c o l le c t e d  from the c o n tro l area 
(Ben Hur Lake, Appendix Table 4 0 ) .  The season a l AChE a c t iv i t y  
p a ttern  fo r  Ben Hur channel c a t f i s h  was h igh er on the y -a x is  s in ce  
th ese  f i s h  were c o n s is t e n t ly  sm all (F igure 2 0 ) .
Although s t a t i s t i c a l l y  s ig n i f ic a n t  d if fe r e n c e s  were found in  
AChE a c t iv i t y  between d a te s  o f  c o l le c t io n  in  Big Choctaw Bayou 
channel c a t f i s h ,  no in h ib it io n  was observed . The s ig n if ic a n c e  
r e s u lte d  from a la te - s e a s o n  in c r e a se  in  AChE a c t iv i t y .  However, 
th in  la y e r  chromatography rev e a led  r e s id u es  o f  m ethyl parathion  
in  c a t f i s h  c o l le c t e d  from t h is  lo c a t io n  on September 10 (Figure 2 2 ) .  
S in ce  re s id u e s  d id  occur, ap p aren tly  th e f i s h  p rev io u sly  had incurred  
AChE in h ib it io n  and had recovered  to  normal a c t iv i t y  p r io r  to  sam pling. 
The sam pling in te r v a l  (30 days) should be s u f f i c ie n t  to  a llow  such  
re c o v ery .
Bayou D an ia ls (sugarcane ecosystem ) channel c a t f i s h  AChE 
a c t iv i t y  was s e v e r e ly  depressed  fo r  most o f  the c o l le c t io n  period  
(F igure 2 0 ). The p a ttern  c l o s e ly  resem bled that for  b lu e g i l l  
(F igure 19) c o l le c t e d  from th is  stream , i . e .  AChE a c t iv i t y  was a t  
i t s  sea so n a l low (43% in h ib it io n )  a t  the term ination  o f  the
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R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
96
sugarcane spraying season (August 14) and th e r e a fte r  began a 
return  to  normal AChE a c t iv i t y .  Channel c a t f i s h ,  however, 
ex h ib ite d  com plete AChE recovery by September 10, compared to  
approxim ately 50% recovery fo r  b l u e g i l l .  Azinphosmethyl res id u es  
(parent compound) were d etected  by th in  layer  chromatography 
(F igure 22) in  Bayou D anials channel c a t f is h  c o l le c te d  August 6 .
AChE a c t iv i t y  p a ttern s could  not be obtained  for  Tensas 
R iver and Lake S t . P eter  Canal owing to  in s u f f ic ie n t  channel 
c a t f i s h  sam ples.
Gizzard Shad Seasonal AChE A c t iv ity  P atterns Compared
G izzard shad c o l le c te d  from Ben Hur Lake ex h ib ited  a lin e a r  
in crea se  in  AChE a c t iv i t y  from Ju ly  15 through September 1 (Figure 2 1 ). 
S ince t h is  a c t iv i t y  p a ttern  was observed in  f i s h  from an apparently  
uncontaminated la k e , departures from th is  p attern  were used to  con­
s t i t u t e  ev idence o f  AChE in h ib it io n .
Gizzard shad AChE a c t iv i t y  p a ttern s fo r  Lake S t . P eter Canal 
and Tensas R iver (both in  cotton -soybean  ecosystem ) were obtained  
from p lo ts  o f  le a s t  squares ad ju sted  AChE a c t iv i t y  means l i s t e d  in  
Appendix Tables 46 (Lake S t .  P eter) and 51 (Tensas R iv er ).
R esu ltin g  p a ttern s o f  AChE a c t iv i t y  c lo s e ly  resembled the pattern  
o f normal a c t iv i t y ;  th e r e fo r e , no evidence o f  AChE in h ib it io n  was 
observed (Figure 2 1 ) . U nfortun ately , the la te -s e a so n  Lake S t.
P eter c o l le c t io n  (which contained  b lu e g i l l  w ith  59% AChE in h ib it io n )  
did not con ta in  g izzard  shad w ith  which to  support the b lu e g i l l
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Figure 22. Thin la y er  chromatographic d e tec tio n  o f azinphosmethyl and 
methyl parathion resid u es in  channel c a t f is h  from Bayou 
D anials (sugarcane ecosystem) and Big Choctaw Bayou (cotton- 
soybean ecosystem) to  confirm AChE depressions in  f i s h  
from th ese  areas.
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o b serv a tio n .
G izzard shad c o l le c t e d  from Bayou D an ia ls (sugarcane 
ecosystem ) d isp la y ed  on ly  s l i g h t ,  although s t a t i s t i c a l l y  s ig n i ­
f i c a n t ,  changes in  AChE a c t iv i t y  during th e  c o l le c t io n  period  
(F igure 2 1 ) .  However, when the Bayou D an ia ls g izza rd  shad pattern  
i s  compared w ith  the expected  p a ttern  e x h ib it in g  a lin e a r  in crease  
in  AChE a c t iv i t y  from Ju ly  15 to  September 1, approxim ately 22% 
in h ib it io n  o f  AChE a c t iv i t y  i s  in d ic a te d . Gizzard shad ex h ib ite d  
a much slow er r a te  o f  recovery  from AChE in h ib it io n  as compared to  
channel c a t f i s h  (F igure 20) and b lu e g i l l  su n fish  (F igure 19) 
c o l le c t e d  from t h is  lo c a t io n . G izzard shad AChE showed a s l ig h t  
in cr ea se  in  a c t iv i t y  a t  the la te - s e a s o n  c o l le c t io n  (September 10), 
although  a t  t h is  tim e, AChE a c t i v i t y  should be in c r e a sin g  under 
normal co n d itio n s  ( s e e  Ben Hur expected  p a tte r n , F igure 2 1 ) .
A sea so n a l AChE a c t iv i t y  p a ttern  very  s im ila r  to  th a t o f  
Bayou D an ia ls g izza rd  shad was observed fo r  shaa c o l le c te d  from 
B ig Choctaw Bayou (co tton -soyb ean  ecosystem ). Approxim ately 25% 
in h ib it io n  was su sta in ed  by g izza rd  shad in  B ig Choctaw Bayou with  
l i t t l e  or no recovery  o f  AChE from in h ib it io n  by the end o f  the 
c o l le c t io n  p eriod  (F igure 2 1 ).
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DISCUSSION
Acute T o x ic ity
R esu lts  o f  acu te t o x ic i t y  determ inations o f  the 10 t e s t  
in s e c t ic id e s  to  channel c a t f is h  (Table I I )  g e n e r a lly  agree w ith  
l i t e r a tu r e  o b serv a tio n s , i . e . ,  a n t ic h o lin e s te r a s e  in s e c t ic id e s  
e x h ib it  a wide range in  acute t o x ic i t y  and as a whole are u su a lly  
l e s s  to x ic  than organoch lorine in s e c t i c id e s  (Johnson, 1968; Macek 
and M c A llis te r , 1970). L ite ra tu r e  data on acute to x ic i t y  fo r  
monocrotophos, d icro top h os, a ld ic a r b , methomyl, carbofuran, and 
Dursban to  channel c a t f is h  were not lo c a te d . However, data o f  
Macek and M cA llister  (1970) agree w ith  th e p resen t acute t o x ic i t y  
f in d in g s  fo r  m alath ion , m ethyl p arath ion , ca rb a ry l, and azinphos­
m ethyl to  channel c a t f i s h .  Dursban was found to  be q u ite  to x ic  
to  golden  sh in ers  (0 .045  ppm), m osquito f i s h  (0 .2 3  ppm), and green  
su n fish  (0 .037  ppm) (Ferguson e t  a l ,  1966) in  a d d itio n  to th e high  
t o x ic i t y  to  channel c a t f i s h  (0 .1 6  ppm) reported  in  th is  paper. The 
carbamate compounds, w ith  the ex cep tio n  o f  carb a ry l, were noted to  
r e s u lt  in  h igh  acute t o x ic i t y  to  channel c a t f i s h .  According to  the  
type o f chem ical s tru c tu re  o f carbamate in s e c t i c id e s ,  the oximes 
(methomyl and a ld ica rb ) were most to x ic  fo llow ed  by the h e te r o c y c lic  
dim ethyl carbamate (carbofuran) w h ile  th e arom atic methyl carbamate 
(carb ary l) ex h ib ited  the le a s t  t o x ic i t y  (Table I I ) . Among the  
organophosphates, Dursban, a d ie th y l phosphate, was more to x ic  than
100
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the o th e r s , a l l  o f  which were dim ethyl phosphates. In the 
ev a lu a tio n  o f  acu te to x ic i t y  data for  c h o lin e s te r a se  in h ib it in g  
in s e c t i c id e s ,  one should be cogn izant th at LD^q d o ses, although  
e q u ile th a l by d e f in it io n ,  cannot n e c e s sa r ily  be regarded as 
e q u ito x ic  (Vandekar and Heath, 1957). The reason ing i s  th at  
su rv ivors from the LD5Q dose w i l l  be more su sc e p t ib le  to  fu ture  
p oison in g  in  the case o f  p e r s is te n t  in h ib ito r s ,  which y ie ld  
in h ib ite d  AChE w ith  slow recovery r a te s .  The fo llo w in g  d isc u ss io n  
on AChE in h ib it io n  recovery su b s ta n tia te s  th is  ob servation .
In h ib it io n  Potency and In h ib it io n  Recovery
S u b sta n tia l d if fe r e n c e s  were recorded among the 6 organo- 
phosphate and 4 carbamate in s e c t ic id e s  w ith re sp ec t to  th e ir  
potency o f  AChE in h ib it io n  and recovery  o f  the in h ib ite d  AChE to  
i t s  normal a c t iv i t y .  Based on CI50 va lu es  (con cen tra tion  expected  
to  r e s u lt  in  a maximum o f  50% in h ib it io n  under s t a t i c  exposure  
c o n d it io n s ) ,  the 10 in s e c t ic id e s  ex h ib ited  a 220- fo ld  d iffe r e n c e  
in  potency o f  AChE in h ib it io n . Dursban, methomyl, carbofuran, 
azinphosm ethyl, and a ld icarb  were found to  be h ig h ly  potent 
in h ib ito r s .  Low to  m oderately p o ten t in h ib ito r s  included  d icrotop h os, 
m ethyl p arath ion , m alath ion , ca rb a ry l, and monocrotophos. No rep orts  
o f _in v iv o  AChE in h ib it io n  s tu d ie s  w ith  channel c a t f is h  were found in  
l i t e r a tu r e  review ; th e r e fo r e , com parative data are la ck in g . In 
a d d it io n , some o f the in s e c t ic id e s  s e le c te d  fo r  the presen t study  
have not been reported  in  previous AChE in  v iv o  s tu d ie s  w ith other
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s p e c ie s .  However, azinphosm ethyl has been found to  be a h igh ly  
poten t in h ib ito r  in  b lu e g i l l  and g o ld f is h  (W eiss, 1961; Weiss and 
G ak sta tter , 1964b), pumpkinseed su n fish , Lepomis g ib b osu s, and 
b lack  b u llh ea d , I c ta lu r u s  m e la s . (Murphy e t  a l ,  1968). AChE 
in h ib it io n  potency o f  m ethyl parath ion  was noted as moderate to  
high  and m alathion was low in  the g o ld f is h ,  golden sh in er  and 
b lu e g i l l  (W eiss and G ak sta tter , 1966b). Low in h ib it io n  potency for  
m alathion was a ls o  observed in  pumpkinseed su n fish  and b lack  b u llh ead s  
(Murphy e t  a l ,  1968); cu tth ro a t tr o u t ,  Salmo c la r k i . (Cope, 1965); 
and sp o t, Leiostomus xanthurus, (H olland and Lowe, 1966). Lowe (1967) 
found 0 .1  ppm carb aryl to  have l i t t l e  e f f e c t  on AChE (17% in h ib it io n )  
when spot were exposed 5 months in  a continuous flow  system .
C onsiderable d if fe r e n c e s  were found among th e  ten  in s e c t ic id e s  in  
the len g th  o f  tim e required  for  in h ib ite d  AChE to  retu rn  to  normal.
The most obvious d if fe r e n c e  was th a t AChE in h ib ite d  by carbamate 
in s e c t ic id e s  recovered in  approxim ately \  to  % the tim e required  for  
AChE in h ib ite d  by organophosphate in s e c t ic id e s .  Carbamylated AChE 
i s  g e n e r a lly  known to  be su b jec t to  h y d ro ly s is  a t  a much fa s te r  ra te  
than phosphorylated AChE (O 'B rien, 1963, 1969). This h y d ro ly s is  c lea v es  
th e en zym e-inh ib itor complex y ie ld in g  th e  in h ib ito r  m oiety  and the free  
" reactiva ted "  AChE. Dursban ex h ib ite d  longer AChE recovery  periods  
than the remainder o f  th e  organophosphate in s e c t ic id e s .  O'Brien (1960) 
s ta t e s  th a t i f  the in h ib ite d  enzyme i s  allow ed to  stand , i t  s low ly  
recovers i t s  a c t iv i t y ,  and th e r a te  o f  recovery  i s  c h a r a c te r is t ic :
( 1) o f  th e  enzyme and (2) o f  th e  a lk y l su b s t itu e n ts  o f  th e organophos­
phate m olecu le . O'Brien (1960) fu rth er  s t a t e s  th a t dim ethyl
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su b s t itu e n ts  u su a lly  a llow  fa s te r  r a te s  o f  recovery than d ie th y l or 
d iiso p ro p y l su b s t itu e n ts  on th e  organophosphate m olecu le . Comparison 
o f  chem ical s tr u c tu r e s  revea led  Dursban w ith  d ie th y l su b s titu e n ts ;  
w hereas, th e remainder o f  th e  organophosphates stu d ied  had dim ethyl 
s u b s t itu e n ts .  E v id en tly , channel c a t f i s h  brain  AChE recovers from 
in h ib it io n  by dim ethyl phosphates a t  a more rapid  r a te  than from 
in h ib it io n  by d ie th y l phosphates. This o b serva tion  i s  further supported  
by exposure-recovery  curves e s ta b lish e d  by Weiss (1961) for la r g e -  
mouth b a ss , b lu e g i l l  su n f ish , golden s h in e r s ,  and fathead minnows.
These s p e c ie s  a l l  ex h ib ite d  slow er AChE recovery  r a te s  subsequent 
to  d ie th y l phosphate (p arath ion , demeton, EPN, d io x a th io n , coumaphos, 
and d iazinon ) exposures a s  opposed to  d im ethyl phosphate (c h lo r o th io n , 
d ic h lo r o v o s , m alath ion , and azinphosm ethyl) exposures. D ifferen ce s  
were p a r t ic u la r ly  n o t ic e a b le  in  f i s h  reco v er in g  from higher le v e ls  o f  
in h ib it io n .
Channel c a t f i s h  AChE seemed to  e x h ib it  fa s te r  recovery , a t  l e a s t  
in  the ea r ly  s ta g e s ,  a f t e r  each s u c c e s s iv e  treatm ent w ith  c e r ta in  
in s e c t ic id e s  (a ld ic a r b , F igure 6 ; carbofuran, F igure 8 ; and m ethyl 
p arath ion , F igure 4 ) .  An exp lan ation  for  t h is  type o f  response w ith  
th ese  compounds could in v o lv e  in cr ea se s  in  enzymic breakdown o f the  
in s e c t ic id e s  in  v iv o . These in c r e a se s  in  enzymic a c t iv i t y  p o ss ib ly  
could be a ttr ib u te d  to  s t im u la tio n  o f  the breakdown p rocesses by the  
previous su b le th a l trea tm en ts. Hogen and Knowles (1968b) and Murphy 
(1966) have determined th a t m etabolism  o f organophosphate in s e c t ic id e s  
may take p la ce  in  th e l iv e r  in  p is c in e  sp e c ie s ;  however, changes in
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e f f ic ie n c y  o f  th e se  breakdown p ro cesse s  subsequent to  s u c c e ss iv e  
treatm ents were n o t s tu d ied .
There was a ls o  a trend  w ith  th e  organophosphate-inh ib ited  AChE 
to  recover up to  50-30% o f  th e  norm al, then remain a t  t h is  le v e l  fo r  
10 to  20-day period  b efore  recovery  was com pleted (F igures 1 -5 ) .
In c o n tr a s t , carb am ate-in h ib ited  AChE ex h ib ite d  a more d ir e c t  retu rn  
to  normal (F igures 6 -9 ) .  S evera l fa c to r s  could  cause th e  p la teau  
e f f e c t  to  be e x h ib ite d  w ith  th e  organophosphate compounds and not 
w ith  th e carbam ates. D iffe r e n c e s  in  h y d ro ly s is  r a te s  o f  th e compounds 
in  w ater are  d if fe r e n c e s  in  breakdown o f th e  inhibitor-AChE complex 
are probably in v o lv e d . A d d it io n a lly , O'Brien (1960) d is c u s se s  th e  
p o s s i b i l i t y  o f  2 fr a c t io n s  o f  AChE, w ith  one fr a c t io n  being le s s  
r e v e r s ib le  than th e  o th er . He fu rth er  s t a t e s  th a t th ere  i s  c o n f l ic t in g  
ev idence in  the l i t e r a t u r e  regard ing  th e a c tu a l e x is te n c e  o f  2 
sep ara te  fr a c t io n s  o f  AChE. Channel c a t f i s h  AChE may c o n s is t  o f  2 
f r a c t io n s ,  w ith  th e  le s s  r e v e r s ib le  f r a c t io n  com prising 30-50% o f  
th e t o t a l  AChE a c t i v i t y .
AChE recovery  r a te s  were compared between th ose  observed when 
trea ted  f i s h  were allow ed to  recover in  th e  treatm ent w ater and th o se  
observed when tr e a te d  f i s h  were removed from th e p oo ls  and p laced  in  
aquarium w ater. The o b je c t iv e  was to  measure AChE recovery r a te s  
under c o n d itio n s  th a t would a llow  minimum recovery  ( s t a t i c  exposure  
in  pool treatm ent w ater) and maximum recovery (aquarium) . Such data  
would be o f  va lu e  in  determ ining changes th a t might occur in  AChE 
a c t iv i t y  subsequent to  d if f e r e n t  ty p es o f  exposures ( s in g le  exposure,
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con tin u a l r u n o ff , in te r m itte n t ru n o ff throughout a spraying season , 
e t c . )  o f  f i s h  in  n atu ra l w aters. I t  was r e a l iz e d  th a t a flo w ­
through system  fo r  exposure would provide minimum recovery  and th a t  
co n tin u a l replacem ent o f  fr e sh  w ater in  another flow -through system  
would provide maximum recovery c o n d it io n s . However, p h y sica l 
l im ita t io n s  in  t e s t  apparatus precluded th e u se o f such system s in  
th is  experim ent. G enera lly , in h ib ite d  AChE returned to  i t s  normal 
a c t iv i t y  a t  a more rapid r a te  (1 .5  to  3 - fo ld  fa s te r )  in  aquaria  
than in  th e  p oo l treatm ent w ater (Table V I) . E xceptions were 
th a t methomyl and D ursban-inh ib ited  AChE recovered  fa s te r  in  p o o ls ;  
w hereas, AChE in h ib ite d  by m ethyl parath ion  and m alathion recovered  
a t  approxim ately the same r a te s  under both c o n d it io n s . Methomyl- 
in h ib ite d  AChE recovered  ra p id ly  a f t e r  le s s  than 1 day in  an 
aquarium, y e t  AChE a c t iv i t y  ex h ib ite d  a marked decrease  fo llo w in g  
th is  i n i t i a l  recovery  (F igure 9 ) .  AChE in h ib ite d  by methomyl 
e s s e n t ia l ly  recovered  a t  a more rap id  r a te  in  an aquarium; however, 
recovery tim es were ca lc u la te d  w ith  r e sp e c t  to  the tim e requ ired  fo r  
AChE a c t iv i t y  to  reach a c e r ta in  l e v e l  o f  recovery  (% o f normal) and 
remain a t  or above th a t l e v e l .  Rebounds in  AChE a c t iv i t y  fo llo w in g  
s u b s ta n t ia l AChE recovery r e s u lte d  in  decreased  AChE a c t i v i t y ,  thus 
prolonging recovery  r a te s  o f  m ethom yl-inh ib ited  AChE in  aquaria .
Such rebounds were observed in  AChE in h ib ite d  by methomyl (F igure  
9 ) ,  a ld ic a rb  (F igure 6 , 1 4 ) , carb ary l (F igure 7 , 1 5 ) , carbofuran  
(F igure 8) ,  d icrotophos (F igure 2 ) ,  azinphosm ethyl (F igure 1 ) ,  and 
m alath ion  (F igure 3 ) .  S in ce fu rth er  AChE in h ib it io n  was observed to
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fo llo w  s u b s ta n t ia l r e c o v e r ie s , a c t iv e  AChE in h ib ito r s  e v id e n tly  were 
re le a se d  e ith e r  in to  the w ater or in to  other areas o f  the body. 
Laboratory s tu d ie s  (Table IX) provided inform ation  th a t a c t iv e  
in h ib ito r s  (e ith e r  parent compounds or to x ic  m etab o lic  products) 
are r e le a se d  in to  the water during th e  p rocess o f  recovery . Redear 
su n fish , Lepomis m icrolophus (G unther), (2 .5  cm, 1-2 gm) were p laced  
in  th e aquarium which contained azinp h osm eth yl-treated  channel 
c a t f is h .  A fter  tw elve hours th ese  f i s h  were dead. A d d ition a l 
unexposed redear su n fish  were then added to  th e aquarium. Redear 
su n fish  removed a f te r  1 hour in  th e  aquarium incurred 52% AChE 
in h ib it io n  w h ile  f i s h  removed a f t e r  6 .5  hours incurred 91% 
in h ib it io n  and ex h ib ited  lo s s  o f eq u ilib riu m  (Table IX ). Tagged 
channel c a t f i s h  held  24 hours in  aquarium water in  which the  
D ursban-treated  channel c a t f i s h  recovery  t e s t  had been underway 
for  13 days ex h ib ited  527, in h ib it io n  o f  AChE (Table IX ). However, 
m etabolism  s tu d ie s  w ith  C-14 la b e led  Dursban revea led  th a t g o ld ­
f i s h  r e le a s e  no AChE in h ib it in g  m e ta b o lite s  in to  the water (Smith 
e t  a l .  1966). Channel c a t f i s h  appear to  be capable o f  a t  le a s t  
tem porarily  s to r in g  the parent compounds or to x ic  m eta b o lite s  and 
subsequently  r e le a s in g  them. Evidence i s  g iven  by: (1) the redear
su n fish  s tu d ie s  ju s t  d escribed  (Table IX ), (2) th e  th in  layer  
chromatographic d e te c t io n  o f  parent compounds o f  m ethyl parath ion  
and azinphosm ethyl in  channel c a t f i s h  (F igure 2 2 ) , (3) the d e te c t io n  
of 9 .6  ppm gross res id u es  o f azinphosm ethyl in  channel c a t f is h  
f le s h  and 2 4 .0  ppm in  the o f f a l  one day a f te r  pond treatm ent (Meyer,
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Table IX. Response o f b ra in  AChE in  f i s h  p laced in  aquarium recovery  
w ater to  m onitor th e  presence o f  AChE in h ib ito r s .
Monitor
F ish
Channel C a tfish  
In h ib it io n  Recovery  
From:
Days Treated  
F ish  in  
Aquarium
Exposure Time Response 
o f Monitor o f  M onitor 
F ish  F ish
Redear
su n fish
Azinphosm ethyl 4 days 12 h rs. Dead
Redear
su n fish
Azinphosmethyl 5 days 1 hr. 52% AChE 
In h ib it io n
Redear
su n fish
Azinphosmethyl 5 days 6 .5  h rs. L.O.E.—/  & 
91% AChE 
I n h ib it io n
Channel
c a t f i s h
Dursban 13 days 24 h rs. 53% AChE 
In h ib it io n
£ /L o ss  o f  eq u ilib riu m .
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1965) and (4 ) m etabolism  s tu d ie s  o f  carbamates show th a t many 
m etab o lic  products ( s e v e r a l o f  which are to x ic )  are ra p id ly  e lim in ated  
(1 -2  days) v ia  th e  u r in e  (M enzie, 1969).
Based on th e p resence o f  a c t iv e  in h ib ito r s  in  th e aquarium 
w ater and on th e o b serva tion s o f  rebounds in  AChE a c t iv i t y ,  one can 
conclude th a t the aquarium co n d itio n s  were fa r  from th ose  th a t  
would in su re  max-inn rm recovery  o f  th e  in h ib ite d  AChE. This statem ent 
i s  supported by an experim ent in  which 2 groups o f channel c a t f i s h  
were exposed to  methomyl and azinphosm ethyl. A fter  48 hours, 10 
f i s h  from each group were p laced  in  1 l i t e r  o f  water and recovery  
w ater was changed d a ily .  AChE in h ib ite d  by methomyl recovered  
from 62% in h ib it io n  to  normal a c t iv i t y  w ith in  one day and th ere ­
a f te r  remained a t  th a t l e v e l  w ith  no subsequent rebound. Correspond­
in g ly ,  azinphosm ethyl recovered  from 84% in h ib it io n  in  approxim ately  
h a lf  th e  tim e required in  th e  o r ig in a l aquarium recovery t e s t  
(C arter and G raves, unpublished d a ta ) .
Inform ation gained on th e  in h ib it io n  potency and recovery  
c h a r a c te r is t ic s  o f  organophosphate and carbamate in s e c t ic id e s  can 
be used in  conjunction  w ith  l i t e r a t u r e  data such as acu te t o x ic i t y ,  
w ater s o lu b i l i t y  and s t a b i l i t y  to  ob ta in  an index regarding p o te n t ia l  
hazards o f  a p a r tic u la r  in s e c t i c id e  upon en ter in g  an aq u atic  en v iron ­
ment. For exam ple, con sid er  an in s e c t ic id e  w ith  high acu te t o x i c i t y ,  
good s o lu b i l i t y  and s t a b i l i t y  in  w ater, h igh  AChE in h ib it io n  potency  
and slow  r a te s  o f  AChE recovery . Compounds w ith  th ese  p ro p ertie s  
warrant cau tion  to  be ex e r c ise d  when th e ir  u se in c lu d es th e p o s s i b i l i t y
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fo r  contam ination o f  w a ters . A compound w ith  comparable p ro p er tie s  
excep t th a t  i t  has a fa s te r  AChE recovery  would tend to  be le s s  
hazardous e s p e c ia l ly  in  the even t o f  s u c c e s s iv e  exp osu res. Vandekar 
and Heath (1957) p rov id e emphasis fo r  th e  la s t  sta tem ent by observ ing  
th a t d o se s , a lth ou gh  e q u ile th a l by d e f in i t io n ,  cannot be regarded
a s e q u ito x ic . The im p lic a tio n  i s  th a t  su rv ivors from th e  bD^g dose  
w i l l  be more s u s c e p t ib le  to  fu tu r e  p o ison in g  in  th e  ca se  o f  the  
p e r s is t e n t  in h ib ito r ,  which y ie ld  in h ib ite d  AChE w ith  slow  recovery  
r a t e s .
Data on AChE in h ib it io n  p oten cy , AChE recovery , a cu te  t o x i c i t y ,  
w ater s o lu b i l i t y  and s t a b i l i t y  o f  compounds in  w ater can be co n stru c­
t i v e l y  u s e fu l  in : ( 1) th e  in co rp o ra tio n  o f s e l e c t i v i t y  in to  the
e v a lu a tio n  o f  new or replacem ent in s e c t i c id e s ,  ( 2) the e x e r c is e  o f  
ca u tio n  when h ig h ly  p o ten t in s e c t i c id e s  are l i k e ly  to  contam inate 
w a ters , and (3 ) a id in g  the in te r p r e ta t io n  o f r e s u l t s  obtained  from 
m onitoring  s tu d ie s  based on th e  u se  o f  f i s h  b ra in  AChE.
There are s e v e r a l fa c to r s  th a t should  be considered  in  the  
in te r p r e ta t io n  and ev a lu a tio n  o f  in h ib it io n  potency and recovery  
d a ta . F i r s t ,  th ese  t e s t s  were conducted w ith  s t a t i c  p oo l treatm ents  
rath er than under more n a tu ra l c o n d it io n s . The Cl^g v a lu es  were 
determ ined by data from r e p e t i t iv e  p ool treatm ents o f  th e  same f i s h ;  
th e r e fo r e , th e use o f  th e se  v a lu es  was r e s t r ic t e d  to  comparisons o f  
data in  t h is  paper o n ly . A lso  due co n sid era tio n  i s  th a t p la n ts  and 
s o i l  were n o t added in  th e  p o o ls  and no attem pts were made to  a s s e s s  
or c o n tro l plankton p o p u la tio n s . As evidenced by Smith e t  a l ,  (1 9 6 6 ).
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such fa c to r s  tend to  reduce th e  amount o f  to x ic a n t u lt im a te ly  
a v a ila b le  to  th e  f i s h .  In  a d d it io n , adjustm ent o f pH and s tu d ie s  o f  
h y d r o ly s is  and m etabolism  r a te s  would have con trib u ted  to  the stud y . 
However, th e  r e s u lt in g  in h ib it io n  potency data compared w e ll  w ith  
LC50 and PI5 Q v a lu es  obtained fo r  the same ten  in s e c t ic id e s  in  other  
t e s t s .
S c o l io s i s
S c o l i o s i s ,  a v e r te b r a l abnorm ality , was observed to  occur in  
channel c a t f i s h  a s  an e f f e c t  o f  su b le th a l exposure in  p o o ls  and aquaria  
to  organophosphate and carbamate in s e c t i c id e s .  R esu lts  o f  th ese  
s tu d ie s  in d ic a te  th a t  a period  o f  continuous co n tra ctio n s  during h igh  
degree o f  in h ib it io n  may be required  to  produce s c o l i o s i s .  T herefore, 
th ose  in s e c t ic id e s  which produce h igh  degrees o f  in h ib it io n  090%) and 
req u ire  long recovery  p eriod s w i l l  e f f e c t  g rea ter  freq u en cies  o f  
s c o l i o s i s .  The ex ten t or degree o f  in h ib it io n  seemed to  be th e  
fa c to r  determ ining th e q u a n tita t iv e  production  o f  s c o l i o s i s  in  
f i s h .  However, th e len g th  o f  tim e required  for  recovery  seemed to  
determ ine th e  d isappearance r a te  o f  e x te r n a l symptoms o f s c o l i o s i s .  
M uscles are  apparently  re laxed  upon p a r t ia l  AChE recovery , thus 
continuous co n tra c tio n s  c e a s e , more normal swimming a c t iv i t y  appears, 
and a t  l e a s t  p a r t ia l  re-a lign m en t o f  th e  sp in e i s  accom plished.
Knowledge o f  h is t o lo g ic a l  damage in  the immediate area o f  the  
s c o l i o s i s  i s  lim ite d . Matton and LaHam (1965) examined w h ite  m uscles  
in  rainbow tro u t trea ted  w ith  h igh  co n cen tra tio n s o f D ylox. They
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found th a t a t  lower c o n cen tra tio n s , s tr u c tu r a lly  normal f ib e r s  were 
markedly con tracted  and a t  h igh  c o n cen tra tio n s , some f ib e r s  were
com pletely  broken down to  an amorphous granular m a ter ia l w ith  fr e e
n u c le i .  Reasons fo r  th e calcium  d e p o s it io n  and fu sio n  o f  vertebrae
in  channel c a t f i s h  may be a r e s u l t  o f  th e  long term h ea lin g  o f
m uscle damage and/or p o s s ib le  damage to  th e  a c tu a l verteb ra e .
The s ig n if ic a n c e  o f  s c o l i o s i s  in  f i s h  su sta in in g  h igh  le v e ls  o f  
AChE in h ib it io n  due to  a n t i- c h o lin e s te r a s e  in s e c t ic id e s  i s  emphasized 
in  ( 1) th a t i t  i s  a su b le th a l e f f e c t  ( 2) th a t a l l  ten  in s e c t ic id e s  
stud ied  were observed to  cause s c o l i o s i s ,  and (3) th a t i t  renders 
permanent damage to  th e sp in e . S evera l workers have observed  
s c o l i o s i s  or s c o l i o s i s - l i k e  symptoms in  golden sh in ers  (Meyer, 1966), 
in  fathead minnows (Mount and Stephen, 1967), and in  a k i l l i f i s h ,  
Fundulus o c e l la tu s  (D arsie  and C orriden, 1959); however, in te r n a l  
symptomatology has not been p rev io u s ly  d escr ib ed . A d d itio n a l work 
i s  needed to  determ ine the sp ec tra  o f s p e c ie s  x  in s e c t ic id e  com binations 
th a t  w i l l  r e s u lt  in  s c o l i o s i s ,  th e  minimum le v e ls  o f  in s e c t ic id e  
con cen tra tion  and/or AChE in h ib it io n  th a t e f f e c t  s c o l i o s i s ,  the  
p o s s ib i l i t y  o f h i s t o lo g ic a l  damage from s c o l i o s i s ,  and th e p o ss ib le  
a lte r a t io n s  in  swimming a b i l i t y  and beh avior. The ex ten t or 
occurrence o f  s c o l i o s i s  in  w ild  f i s h  m ight be determ ine by sp in a l 
exam ination. Such data may be used as evidence o f  p ast exposure o f  
f i s h  to  anti-AChE m a te r ia ls .
AChE In h ib itio n -tim e-co n cen fcra tio n  R e la tio n sh ip s
Exposure tim e played an im portant r o le  in  th e degree o f  AChE
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in h ib it io n  e f fe c te d .  The short-term  s t a t i c  aquarium co n d itio n s  
under which th e se  s tu d ie s  were conducted in d ica ted  th a t th e carbamate 
in s e c t ic id e s  e f fe c te d  maximum AChE in h ib it io n  in  2 hours or l e s s .  
Maximum in h ib it io n  by organophosphates was e s ta b lish e d  in  2 -8  hours 
(m alathion) to  168 hours (m onocrotophos). Weiss (1961) observed  
th a t 6 or more hours were required  fo r  maximum in h ib it io n  w ith  
th e 11 organophosphate in s e c t ic id e s  th a t ha stu d ied . Weiss and 
G akstatter (1964b ), u sin g  a flow -through system , lowered the  
exposure con cen tration  w h ile  in c r e a sin g  th e tim e o f  exposure.
B lu e g i l l  su n fish  AChE were in h ib ite d  (30-35%) a f te r  a 30 day exposure 
to  0 .1  ppb m ethyl parath ion . The same type o f  e f f e c t ,  i . e .  AChE 
changes s t e a d ily  d ecreasin g  w ith  tim e, was observed fo r  other  
to x ic a n ts  and f i s h  s p e c ie s .  On th e  other hand, Lowe (1967) exposed  
spot to  flow -through exposures o f  0 .1  ppm carbary1 for  5 months 
w ith  17% in h ib it io n  observed a f t e r  2 .5  months and near normal 
a c t iv i t y  a t  5 months. This su g g ests  p o s s ib ly  some p h y s io lo g ic a l  
co n d itio n in g  o f  the f i s h  to  b e t te r  to le r a te  fu rth er exposures.
Another p o s s ib i l i t y  i s  th a t w ater tem perature was con sid erab ly  
lower during th e f i f t h  month, thus reducing the in h ib it io n  potency  
o f carb aryl. A lso  a sea so n a l in cr ea se  in  a c t iv i t y  (as occurs in  
b lu e g i l l  and g izzard  shad) could render th is  con cen tration  o f  carbaryl 
n on detectab le  by AChE in h ib it io n .
T est con cen tra tion s used fo r  each o f  th e carbamate in s e c v ic id e s  
were observed to  produce maximum in h ib it io n  w ith  a subsequent p la tea u  
(F igures 14 and 15) . The le v e l  o f  maximum AChE in h ib it io n  was d ir e c t ly
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r e la te d  to  co n cen tra tio n . This su g g ests  th a t in h ib it io n  was rapid  
and th a t upon atta inm ent o f maximum in h ib it io n , fr e e  AChE was s t i l l  
p resen t. S in ce com plete in h ib it io n  o f  AChE was not produced, each  
co n cen tra tio n  reached i t s  maximum in h ib it io n  le v e l  and th e r e a fte r  
m aintained a p la teau  e f f e c t .  The p la teau  m ight be a r e s u lt  o f  
eq u ilib r iu m  in  th e ccm plexing and h y d ro ly s is  r a te s  involved  w ith  
AChE in h ib it io n  (E +  I^SE I). A lso  involved  were the h y d ro ly s is  
r a te s  o f  th e  in h ib ito r  in  w ater , th e  s t a t i c  type o f  treatm ent and 
th e  m etab o lic  r a te s  o f  the in h ib ito r s  by th e  f i s h .  The organo­
phosphate in s e c t ic id e s  d id  n ot reach  p la tea u s although th e  degree  
o f  in h ib it io n  was r e s p e c t iv e  to  th e co n cen tra tion  (F igures 1 6 -1 8 ). 
P o ss ib ly  th e  sh ort duration  o f  th e  t e s t s  were p r o h ib it iv e  to  th e  
atta inm ent o f  a p la tea u .
Data presen ted  h ere in  as w e ll  as th a t o f  Weiss and G akstatter  
(1964b) and Gibson e t  a l .  (1970) r e i t e r a t e  th e importance o f fa c to r s  
such as tem perature, type o f  exposure, s p e c i f i c  to x ic a n t , exposure  
tim e, co n cen tra tio n  and sp e c ie s  in  th e  degree o f  AChE e f fe c te d .  
M oreover, th e se  data emphasize th e  d i f f i c u l t y  o f  in te r p r e tin g  
observed AChE in h ib it io n  le v e ls  in  f i s h  c o l le c te d  from w aters in  
which contam ination i s  su sp ected . The r e la t io n s h ip s  o f  AChE 
in h ib it io n  to  the p rev io u sly  m entioned fa c to r s  under laboratory  
co n d itio n s  would be fu rth er com plicated  by a d d it io n a l f i e l d  fa c to r s  
such as w ater chem istry (tem perature, pH, h a rd n ess), p resence o f 
other chem icals or m ixtures o f  ch em ica ls , types o f  exposure, and 
p o s s ib le  avoidance r e a c tio n s  o f  f i s h .
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AChE Inhibition-svm ptom  Appearance 
B etter  understanding o f  th e  s ig n if ic a n c e  o f  a s p e c i f ic  le v e l  o f
AChE in h ib it io n ,  w ith  r e sp e c t  to  th e symptoms e f f e c te d  in  th e  f i s h
ex p er ien c in g  in h ib it io n ,  i s  needed. Such in form ation  would be h e lp fu l
in  the in te r p r e ta t io n  o f  AChE in h ib it io n  le v e l s  in  f i s h  c o l le c t e d  from
n a tu ra l w a ters .
The d e sc r ip t io n  o f  symptoms reported  in  t h is  study agree
reason ab ly  w e l l  w ith  th o se  o f  Weiss and B o tts  (1 9 5 7 ), Ferguson e t  a l .
(1 9 6 6 ), and Matton and LaHam (1 9 6 9 ). S eq u en tia l symptoms in  the
to x ic a t io n  p rocess  and th e  a s so c ia te d  AChE in h ib it io n  ranges are:
h y p e r a c t iv ity  (35-75% ), le th a rg y  (66-80% ), body p a r a ly s is  (65-86% ),
s c o l i o s i s  (62-89% ), lo s s  o f  eq u ilib r iu m  (78-92% ), opercular and
mouth p a r a ly s is  w ith  ensu ing death  (50-95% range w ith  the u su a l
range o f  65-85%).
AChE in h ib it io n  le v e l s  found to  be a s so c ia te d  w ith  a s p e c i f ic
symptom were r e p r e se n ta t iv e  o f  th e  range o f  in h ib it io n  le v e ls  a t  which
a p a r tic u la r  symptom was observed , and do n ot n e c e s s a r ily  in d ic a te
th e amount o f  in h ib it io n  requ ired  to  cause a s p e c i f i c  symptom. The
foundation  o f t h is  statem ent i s  th e p o s s i b i l i t y  o f  a delayed e f f e c t
between th e degree o f  in h ib it io n  causing a symptom and the a c tu a l
ex p ressio n  o f  th a t  symptom in  th e  anim al. Vandekar and Heath (1957)
s t a t e  th a t th e  p resence o f  a delayed  e f f e c t  can be an obvious p i t f a l l
in  a t tr ib u t in g  death  to  a s p e c i f i c  le v e l  o f  AChE in h ib it io n . Thus, th e
in h ib it io n  le v e ls  reported  in  t h i s  paper were th o se  observed during
th e exp ression  o f  th e  r e s u lta n t  symptom. The range was in d ic a t iv e  o f
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the minimum le v e ls  o f  AChE in h ib it io n  a t  which a s p e c i f i c  symptom 
was f i r s t  expressed ; w hereas, th e  maximum le v e l  was in d ic a t iv e  o f  
th e beginn ing t r a n s it io n  to  the n ex t symptom.
The r e la t io n s h ip  between in h ib it io n  and death i s  not w e ll  under­
stood and vary ing  sta tem en ts regard in g  t h is  phenomenon have been 
made in  th e l i t e r a t u r e .  Weiss (1958) observed death to  occur 
subsequent to  40 to  70% AChE in h ib it io n .  B lu e g i l l  su n fish  have 
been observed to  su rv iv e  as much a s  80-90% in h ib it io n ,  y e t  moribund 
f i s h  near death incurred only  53% in h ib it io n  (Gibson e t  a l .  1969). 
Sheepshead minnows were observed to  succumb when AChE in h ib it io n  
was more than 83% (Coppage, p erson a l com m unication). Pool treatm ent 
data (Experiment I ,  F igures 1 and 5) in d ic a te  th a t channel c a t f i s h  
can su rv iv e  a maximum o f  98-99% in h ib it io n  and can su rv iv e  periods  
o f in h ib it io n  a t  or below 90% for  10-23 days. Y et, channel c a t f i s h  
aquarium treatm ent data in d ic a te  in i t i a t i o n  o f  death  in  f i s h  w ith  
AChE in h ib it io n  ranging from 50-65% to  95%. The d iscrepancy could be 
due to  (1 ) d if fe r e n c e s  in  w ater volume (20 1 to  5000 1) (2) the use  
o f h igh er co n cen tra tion s in  sh ort term aquarium t e s t s  and/or (3) 
d if fe r e n c e s  in  w ater chem istry . I t  a ls o  must be noted th-'t 50-60% 
o f th e azinphosm ethyl p oo l treatm ent w ater was rep laced  w ith  fresh  
w ater a f t e r  24 hours exposure a t  which tim e th e  f i s h  were observed  
to  be near death . Exposures o f sh o rt duration  to  a h igh concentra­
t io n  has been observed by Gibson e t  a l .  (1969) to  produce moribund 
b lu e g i l l  su n fish  w ith  25% in h ib it io n ;  w hereas, a longer exposure to  
a lower dose d id  not produce moribund f i s h  u n t i l  AChE in h ib it io n
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reached 57%. Murphy e t  a l .  (1968) pointed  out th a t b lack  bu llheads  
could apparently  to le r a te  lower le v e ls  o f  AChE w ithout death than th e  
pumpkinseed su n fish . Weiss (1958) observed th a t  in h ib it io n  by sa r in  
(an anti-AChE chem ical w arfare agen t) in  ex cess  o f 40-70% in h ib it io n  
caused death  in  g o ld f is h , b l u e g i l l ,  and fathead minnows as a r e s u lt  o f  
24 hour exposure. This v a lu e  i s  c o n s is te n t ly  c ite d  by other workers 
and has been used in  in te r p r e ta t io n  o f  AChE in h ib it io n  observed in  
f i s h  c o l le c te d  from anti-ChE contam inated w aters (W illiam s and Sova, 
1965; N ich o lson , 1967). F ind ings reported  by Murphy e t  a l .  (1 9 6 8 ), 
Gibson e t  a l .  (1 9 6 9 ), and Coppage (p erson a l communication) as w e ll  as  
th o se  by t h is  author p o in t out th a t t h is  va lu e has obvious excep tion s  
and th a t  i t s  u se a s  the v a lu e  in d ic a t in g  death by AChE in h ib it io n  
should be deemphasized.
Observed v a r ia tio n s  in  in h ib it io n -d e a th  r e la t io n s h ip s ,  a t  
l e a s t  in  p a r t, are a t tr ib u ta b le  to  s p e c ie s  d if f e r e n c e s .  A com bination  
o f  fa c to r s  could be suggested  a s  p o s s ib le  reasons for apparent sp e c ie s  
d if fe r e n c e s .  One might su sp ect th a t  a more s e n s i t iv e  sp e c ie s  would 
a ls o  have s e n s i t iv e  AChE. However, in  v i t r o  s tu d ie s  by Hogan and 
Knowles (1970a) found ju s t  th e  o p p o site  e f f e c t ,  i . e .  channel c a t f i s h  
AChE was g e n e r a lly  more s u sc e p t ib le  to  the in h ib ito r s  te s te d  than  
the b lu e g i l l  enzyme. D ifferen ce s  in  the ra te  o f  a c t iv a t io n  (con version  
of P=S to  P=0) o f la te n t  in h ib ito r s  to  th e ir  a c t iv e  in h ib ito r  oxon 
analogues would in f lu en ce  s u s c e p t ib i l i t y .  Murphy (1966) found th a t  
accum ulation  o f  paraoxon was s im ila r  in  both b lu e g i l l  and channel 
c a t f i s h ;  however, th e accum ulation o f malaoxon and the oxygen analogue
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o f  azinphosm ethyl in  the b lu e g i l l  was 2 to  15 tim es g rea te r , 
r e s p e c t iv e ly  than in  the channel c a t f i s h .  This d ate i s  indeed  
r e f le c te d  in  comparative acu te  t o x i c i t i e s  o f  m alath ion , azinphos­
m ethyl, and m ethyl parath ion  to  th e  b lu e g i l l  and channel c a t f is h  
(Macek and M cA llis ter , 1970). Channel c a t f i s h  brain  t i s s u e  has 
a higher s p e c i f ic  a c t iv i t y  (approxim ately 2 fo ld  more) than the  
b lu e g i l l  (Hogan and Knowles, 1970a). T herefore, th e  b lu e g i l l  may 
be more su sc e p t ib le  due to  th e com paratively low s p e c i f i c  a c t iv i t y  
o f  AChE. Murphy e t  a l .  (1968) observed th a t b lack  b u llh ead s were 
capable o f  w ithstand ing more in h ib it io n  w ith  le s s  r e s u lt in g  
m o r ta lity  than the su n fish . They n o te  th a t according to  Fry 
(1957) b u llheads are c la s s i f i e d  as b ein g  o f low resp ir a to r y  
s e n s i t i v i t y  w h ile  th e genus Lepomis (su n fish )  are c la sse d  as having  
high  re sp ira to r y  s e n s i t iv i t y .  The in fere n c e  i s  th a t b u llh ead s are  
capable o f  m aintain ing oxygen sa tu r a tio n  o f  th e  blood a t  unusually  
low p a r t ia l  p ressures o f oxygen. Thus, markedly in h ib ite d  AChE 
r e s u lt s  in  p a r t ia l  or com plete p a r a ly s is  o f  th e  mechanism for  
ir r ig a t in g  g i l l s  w ith  w ater, hence decreased oxygen d if fu s io n  
acro ss  g i l l  membranes. Death by hypoxia then would be e f fe c te d  
f i r s t  in  th e  sp e c ie s  o f  h igh  r e sp ir a to r y  s e n s i t iv i t y .
The sp e c ie s  d if fe r e n c e s  in  s u s c e p t ib i l i t y  may be due to :
( 1) d if fe r e n c e s  in  conversion  r a te s  o f la te n t  to  a c t iv e  in h ib ito r s ,
(2) d if fe r e n c e s  m  s p e c i f i c  a c t iv i t y  o f  AChE m  brain  t i s s u e  and
(3) d if fe r e n c e s  in  r e s is ta n c e  to  hypoxia.
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The Use o f  AChE as a Monitor 
B lu e g i l l  su n fish  and g izzard  shad c o l le c te d  from the co n tro l 
area (Ben Hur Lake) were observed to  have s ig n i f ic a n t  season a l changes 
in  AChE a c t iv i t y  w h ile  channel c a t f i s h  ex h ib ited  a s ta b le  AChE a c t iv i t y  
l e v e l  throughout th e  period  o f study (June 23 - September 1 0 ). Con­
s id e r a b le  in h ib it io n  (17-83%) o f  f i s h  b ra in  AChE was observed in  7 
o f  th e  10 area x  sp e c ie s  com binations in  th e 2 agroecosystem s.
A l l  th ree  m onitor s p e c ie s  c o l le c te d  from Bayou D an ia ls (sugarcane  
ecosystem ) ex h ib ite d  h igh  degrees o f  AChE in h ib it io n  (22-83%) from 
Ju ly  13 to  a t  l e a s t  September 10, w ith  only  channel c a t f i s h  AChE 
having returned to  i t s  normal a c t iv i t y  by t h is  tim e. AChE 
in h ib it io n s  in  f i s h  from the cotton -soyb ean  agroecoystem  were 
observed only  during la t e  season  c o l le c t io n s  (August 24) in  g izzard  
shad and b lu e g i l l  but not channel c a t f is h .
The f i s h  brain  AChE method i s  e n t ir e ly  based on the d e te c t io n  
o f sub-normal brain  AChE a c t iv i t y .  T herefore, th e  accu rate  e s ta b ­
lishm ent o f  sea so n a l AChE a c t iv i t y  p a ttern s  o f non-contam inated f i s h  
for  each m onitoring s p e c ie s  i s  o f  c r i t i c a l  im portance. Weiss (1958 , 
1959, 1961, 1965) and Weiss and G akstatter (1964b) proposed th e  use  
o f f i s h  b ra in  AChE as a m onitor and provided su pp ortive  laboratory  
d ata; however, f i e l d  a ssessm en ts o f  t h is  method r e v e a l some in te r e s t in g  
problems th a t must be in v e s t ig a te d  to  in su re proper fu tu re  u t i l i z a ­
t io n  o f t h is  method.
One problem i s  th e in flu e n c e  o f brain  w eight on AChE a c t iv i t y .  
Sm aller f i s h  (w ith  sm aller  b ra in s) have h igher s p e c i f i c  a c t iv i t y
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( a c t iv i t y  per u n it  o f  brain  w eigh t) than larger f is h ;  th e r e fo r e ,  
d ir e c t  comparison o f  AChE a c t i v i t i e s  can only be made in  f i s h  w ith  
id e n t ic a l  brain  s i z e s .  This phenomenon has to  be taken in to  c o n s id e r ­
a t io n  when enzyme a c t i v i t y  com parisons are made. At p resen t, 
comparisons may be accom plished by s e v e r a l m ethods. F i r s t ,  comparison 
o f  a c t iv i t y  i s  p o s s ib le  between members having th e  same brain  s iz e  or 
between f i s h  in  a reg io n  o f th e b ra in  w eight v s  a c t iv i t y  r e g r e ss io n  
l in e  where brain  w eight in f lu e n c e  i s  minimal (Gibson e t  a l .  1969). 
Second, AChE a c t iv i t y  may be determ ined fo r  40-50  in d iv id u a l f i s h  
w ith  a range o f  b ra in  w eigh ts by c a lc u la t in g  a l in e  o f  b e s t  f i t  
through th e  b ra in  weight-AChE a c t i v i t y  p lo tte d  p o in ts ,  and then  
making comparisons o f  e n t ir e  l in e s  or a t  p o in ts  a lon g  l in e s  a t  the  
same b ra in  w eigh t (H olland e t  a l .  1967). T hird, le a s t  squares 
ad ju sted  means can be employed to  remove th e e f f e c t  o f  brain  w eight 
on a c t iv i t y  and subsequent r e g r e s s io n  a n a ly s is  can be u t i l i z e d  to  
a t ta in  th e p a ttern  o f AChE a c t i v i t y  over tim e. Comparisons may then  
be made between th e expected  p a ttern s  and observed p a ttern s for  
each m onitoring s i t e .  Fourth, mean AChE a c t iv i t y  was ev id e n tly  
used by W illiam s and Sova (1966) for  s t a t i s t i c a l  comparison 
p op u la tion  means w ith  a "t" t e s t .  Weiss (1961) i l lu s t r a t e s  b ra in  
weight-AChE a c t iv i t y  r e g r e ss io n  l in e s  for  se v e r a l sp e c ie s  and such  
l in e s  are g iven  for  3 sp e c ie s  in  t h is  paper (F igures 1 9 -21 ). These 
s tu d ie s  su b s ta n t ia te  th e  need fo r  an accu rate  and p r a c t ic a l  method o f  
a c t iv i t y  com parisons.
Another d i f f i c u l t y  (th e  most im portant one experienced  in  t h i s
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study) i s  th a t  posed by sea so n a l v a r ia t io n  in  AChE a c t iv i t y .  Weiss 
(1961) determ ined AChE a c t iv i t y  in  f i s h  c o l le c te d  a t  various tim es  
o f  th e year and no changes were revea led  in  largemouth b a ss , b lu e g i l l ,  
golden s h in e r , or g o ld f is h . However, sea so n a l changes th a t were 
s ig n i f ic a n t ly  co rr e la ted  w ith  water tem perature were observed to  
occur in  b lu e g i l l  (Hogan, 1970) and changes were recorded by t h is  
author in  b lu e g i l l  and g izzard  shad but not in  channel c a t f i s h .
The impact o f  sea so n a l a c t iv i t y  changes on u t i l i z a t io n  o f  the  
AChE m onitor method i s  th a t normal a c t iv i t y  d eterm inations are  
n e c e s s ita te d  w ith  each sample c o l le c t io n .  Furthermore, c o l le c t io n s  
from th e c o n tr o l area to  determ ine normal AChE a c t iv i t y  are  th e most 
im portant c o l le c t io n s  in  th e m on itoring  program s in c e  th ese  AChE 
a c t iv i t y  l e v e l s  are used to  compare w ith  th ose  obtained form a l l  
oth er m on itoring  s i t e s .  C onsideration  should be given  to  th e  
u t i l i z a t io n  o f  se v e r a l c o n tr o l s i t e s .  AChE a c t iv i t y  le v e ls  in  
co n tr o l f i s h  c o l le c te d  from w aters th a t d if f e r  in  tem perature from 
th a t o f  th e  m on itoring s i t e s  should be used c a u tio u s ly  s in c e  w ater 
tem perature was s ig n i f ic a n t ly  co rr e la ted  w ith  AChE a c t iv i t y  changes 
in  th e b lu e g i l l  (Hogan, 1970). Hazel (1969) observed g o ld f ish  
acclim ated  to  25° C had h igher AChE a c t iv i t y  than th o se  acclim ated  
a t  15° C or 5°C. Holland e t  a l .  (1967) determined a l in e  o f  b est  
f i t  for  two s p e c ie s  to  be used as th e  normal a c t iv i t y  base l in e  
over a one year m onitoring period  w ith  f i s h  c o l le c te d  from Maryland 
to  Texas. The s p e c ie s  m onitored were s a l t  water s p e c ie s  (sp o t and 
sheepshead m innows); th e r e fo r e , w ater tem perature f lu c t u a t io n
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would not be g r e a t. A lso  sea so n a l AChE f lu c tu a t io n  as a r e s u lt  o f  
fa c to r s  o th er than tem perature are p o s s ib le .  Baslow and N e g r e lli  
(1964) observed a sea so n a l f lu c tu a t io n  in  AChE a c t iv i t y  when 
k i l l i f i s h  (Fundulus h e te r o c l itu s )  were h eld  under con stant tem perature 
rea r in g  c o n d it io n s . The h ig h est  y ea r ly  a c t iv i t y  was observed during  
what would be th e  low est y ea r ly  tem peratures in  i t s  n atu ra l h a b ita t . 
F u rth er, d escrep an cies have been noted in  AChE a c t iv i t y  changes in  
th e  same s p e c ie s .  In  work done in  M isso u r i, Hogan (1970) found 
b lu e g i l l  AChE a c t iv i t y  to  in cr ea se  during June and J u ly , then  
e x h ib it  a p la tea u  o f  h igh  a c t iv i t y  u n t i l  October. In c o n tr a s t , 
t h is  author found b lu e g i l l  AChE a c t iv i t y  to  d ecrease from July 15 to  
August 15 and th e r e a fte r  begin  an in cr ea sin g  trend in  a c t iv i t y  
(F igure 1 9 ). For th e se  rea so n s , i t  i s  im perative th a t accurate  
s u r v e il la n c e  o f  th e normal enzyme a c t iv i t y  be carried  out for  each 
m onitoring sp e c ie s  throughout th e  m onitoring study period .
Frequent sample c o l le c t io n s  were found to  be e s s e n t ia l  in  
accu rate  d eterm inations o f AChE a c t iv i t y  f lu c tu a t io n s . The general 
co n ten tio n  by Weiss (1961) i s  th a t  in h ib it io n  recovery may requ ire  
from 2 weeks to  one or two months. The data reported h erein  show 
th a t recovery  from in h ib it io n  by carbamates can take p la ce  in  2 weeks 
or l e s s ,  even under s t a t i c  c o n d it io n s . At lower le v e ls  o f  in h ib it io n  
by most organophosphates, recovery  can take p la ce  in  le s s  than 15-25 
d ays. T h erefore, 10-14 days would seem to  be th e maximum In terv a l 
between sample c o l le c t io n s  to  g iv e  accu ra te  determ inations o f  AChE 
f lu c tu a t io n s .  In te r v a ls  o f  approxim ately 1 week would be needed when
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contam ination by carbamates i s  su sp ected .
In te rp re ta tio n  o f  AChE in h ib it io n  d etected  in  t h i s  stu d y , w ith  
resp ec t to  the s e v e r ity  o f  p o ison in g  symptoms produced in  w ild  f i s h ,  
i s  d i f f i c u l t .  F urther, the data were obtained u sin g  approxim ately  
30 day sampling in te r v a ls ;  th e r e fo r e , the AChE a c t iv i t y  p attern s do 
not r e f l e c t  a c t iv i t y  between sample c o l le c t io n s .  F ish  c o l le c te d  
from Bayou D anials (sugarcane agroecosystem ) e x h ib ite d  as much as  
83% AChE in h ib it io n  in  b lu e g i l l ,  43% in  channel c a t f i s h ,  and 25% in  
g izzard  shad. O bviously, b lu e g i l l  su sta in in g  83% in h ib it io n  would be 
s e v e r e ly  poisoned; whereas, channel c a t f is h  and g izzard  shad probably  
experienced e a r ly  symptoms o f a n t i-c h o lin e s te r a s e  in s e c t ic id e  p o ison in g . 
B lu e g i l l  su n fish  are very s e n s i t iv e  to  azinphosm ethyl (Macek and 
M cA llis ter , 1970; Carter and Graves, unpublished data) but recover  
ra p id ly  (W eiss, 1961). Channel c a t f i s h  are  le s s  su sc e p t ib le  to  
azinphosm ethyl than g izzard  shad (Meyer, 1965), y e t  th e  c a t f is h  
e x h ib ited  h igher AChE in h ib it io n .  Gizzard shad apparently  recover  
s lo w ly  from in h ib it io n  by azinphosm ethyl. B lu e g i l l  and g izzard  shad 
c o l le c te d  from streams in  the cotton -soybean  agroecosystem  were 
observed to  e x h ib it  17-59% AChE in h ib it io n  a t  th e l a s t  c o l le c t io n  
(August 2 4 ) . S ince co tto n  and soybean in s e c t  c o n tr o l op eration s  
are not c u r ta ile d  u n t i l  la t e  August or September 15, la te r  samples 
would have p o ss ib ly  revea led  a d d it io n a l in h ib it io n . AChE in h ib it io n  
found in  Big Choctaw Bayou b lu e g i l l  (59%) i s  in  the reg ion  o f  in h ib i­
t io n  where symptom appearance would be exp ected . Whether th ese  f i s h  
were in  the process o f  reco v er in g  or whether they were undergoing
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more in h ib it io n  i s  unknown. Such in form ation  would improve the  
ev a lu a tio n  o f observed in h ib it io n  le v e l s .
In d ic a tio n s  are th a t s u b s ta n t ia l  AChE in h ib it io n  (80-90%) can 
be to le r a te d  by some s p e c ie s  when th e  in h ib ito r  i s  adm inistered in  such  
a way a s  t o  induce in h ib it io n  s t e a d i ly  over a period o f tim e. 
Contamination r e s u lt in g  from d r i f t  or ru n off would tend to  ex er t  
such exposure ty p es; th e r e fo r e , i t  i s  l ik e ly  th a t in h ib it io n  le v e ls  
to le r a te d  in  th e f i e l d  would be g rea ter  than th o se  observed i n ‘ 
sh ort-term  s t a t i c  or flow -through  t e s t s .
Another p o te n t ia l  problem th a t should be in v e s t ig a te d  i s  th e  
contam ination o f  w aters by su bstan ces other than in s e c t ic id e s  th a t  
are capable o f  in h ib it in g  AChE. Dixon and Webb (1964) s t a t e  th a t th e  
c h o lin e s te r a se s  are in h ib ite d  by more substances than any other group 
o f  enzymes. The more pow erful in h ib ito r s  have a quaternary or b a s ic  
n itro g en  group, are h ig h ly  m eth y la ted , and o ften  con ta in  some e s t e r ­
l ik e  grouping such as a urethane group. Among th e  most important 
p o te n t ia l  in h ib ito r s  are some o f  th e  carbamate h e r b ic id e s , organo- 
phosphate-type d e fo l ia n t s ,  and mercury io n s .
The fa c to r  most l im it in g  to  the p r a c t ic a l  a p p lic a tio n  o f  t h is  
method i s  amount o f  labor in vo lved  in  c o l le c t in g  and p rocessin g  sam ples. 
For exam ple, only f iv e  s i t e s  were sampled 3 -4  tim es in  t h is  stu d y , y e t  
600 in d iv id u a l f i s h  were analyzed  and approxim ately 3 months were 
requ ired  to  com plete th e stu d y . Frequent samples (10-14 day in te r v a ls )  
y ie ld  th e  most accu rate  p a ttern  o f AChE a c t iv i t y  changes w ith  which 
to  ev a lu a te  observed in h ib it io n  l e v e l s .  U nfortun ately , frequent sampl­
in g  in cr ea se s  th e amount o f  labor in v o lv ed . This i s  not to  imply th a t
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improved m ethodology to  reduce labor cannot be developed .
For accu rate  m on itoring  w ith  t h is  method, a d d it io n a l  
in form ation  i s  needed on ( 1) the normal a c t iv i t y  p attern s and 
p o ss ib le  v a r ia t io n  o f p a ttern s between s e v e r a l uncontaminated  
p op u lation s o f  each s p e c ie s  ( 2) a r e l ia b le  method to  compare 
expected  or normal AChE a c t iv i t y  to  th e  observed a c t iv i t y  to  
e s ta b l is h  the q u a n tity  o f  AChE in h ib it io n  (3) th e b io lo g ic a l  
s ig n if ic a n c e  o f  v ariou s AChE in h ib it io n  le v e l s  in  each sp e c ie s
(4) b e t te r  m ethodology to  reduce th e labor in vo lved  (5) the  
sources o f  v a r ia tio n  a s so c ia te d  w ith  each m onitoring program and 
( 6) standard ized  methods fo r  confirm ation  o f  contam ination .
R outine m onitoring u sin g  th e f i s h  b ra in  AChE method (as ca rr ied  
out in  t h is  study) i s  far  from d e s ir a b le .  However, the e lu c id a t io n  
o f  th e p rev io u s ly  l i s t e d  in form ation  should g r e a t ly  in crea se  the  
p o t e n t ia l i t y  o f  th is  method as a m onitor for  a n t i-c h o lin e s te r a s e  
p e s t ic id e s .  P r e se n tly , th e  most advantageous a p p lic a tio n  o f  th is  
method would be for  i t  to  be used in  con ju n ction  w ith  other d e te c t io n  
methods. For exam ple, Zweig and Devine (1969) propose the use o f a 
co lo r im e tr ic  method fo r  u se in  d e te c t io n  and measurement o f  organo- 
phosphorus p e s t ic id e s  in  w ater. C o lorim etr ic  a n a ly ses  can be 
performed in  th e f i e l d  w ith in  30-40 min and are reasonably accu ra te . 
Such a method would ex p ed ite  rou te m on itoring s tu d ie s .  F ish  brain  
AChE measurements could  be made in  areas showing con sid erab le  
contam ination to  determ ine th e  b io lo g ic a l  im p lica tio n s  of d etected  
contam ination .
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The primary advantages o f  th e  f i s h  brain  AChE m onitoring method 
are th a t:  ( 1) i t  r e s u l t s  in  a measurement o f  a s p e c i f i c  p h y s io lo g ic a l
e f f e c t  produced by a wide c la s s  o f  chem icals (u su a lly  p r io r  to  
l e t h a l i t y )  ra th er  than in  a q u a n tita tio n  o f  to x ic a n t  in  th e  
w ater or anim al t i s s u e  and ( 2) i t  enab les d e te c t io n  of p a st or 
p resen t con tam ination , s in c e  AChE tem porarily  remains in h ib ite d  
subsequent to  exposure.
These advantages warrant th e  u se  o f  th is  method in  many in s ta n c e s ,  
such as  m on itoring p u b lic  water s u p p lie s ,  m on itoring  stream s or 
lak es  r e c e iv in g  d ir e c t  treatm ent and r u n o ff , or when a lim ited  
number o f  s i t e s  are  to  be m onitored.
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SUMMARY
Acute T o x ic ity
The 10 in s e c t ic id e s  stu d ied  and th e ir  24 hour va lu es
to  channel c a t f i s h  (mean w eight o f  8 .54  gms) were: Dursban (0 .1 6  ppm),
methomyl (0 .92  ppm), a ld ic a r b  (1 .6  ppm), carbofuran (2 .0 3  ppm), 
azinphosm ethyl (3 .9  ppm), m ethyl parath ion  (9 .36  ppm), m alathion  
(1 0 .0  ppm), carb ary l (1 1 .5  ppm), d icrotophos (1 3 .0  ppm), and mono- 
crotophos (7 0 .4  ppm).
AChE In h ib it io n  Potency
Dursban was found to  be the most p oten t in h ib ito r  o f channel
c a t f i s h  AChE w ith  a Cl value (co n cen tra tio n  expected to  e f f e c t
50
50% AChE in h ib it io n  under s t a t i c  exposure co n d itio n s)  o f  0 .009  ppm. 
Other h ig h ly  p oten t in h ib ito r s  were methomyl (0 .016  ppm), carbofuran  
(0 .1 9  ppm), azinphosm ethyl ( < 0 .5  ppm), and a ld ica rb  (0 .315  ppm); 
w hereas, low to  m oderately p oten t in h ib ito r s  were d icrotophos ( 1 .0  ppm), 
m ethyl parath ion  (1 .0 5  ppm), m alathion (1 .8  ppm), carbaryl (2 .0  ppm), 
and monocrotophos ( < 5 .0  ppm).
AChE Recovery C h a r a c te r is t ic s
Channel c a t f i s h  brain  AChE in h ib ite d  by organophosphate 
in s e c t ic id e s  req u ire a t  le a s t  tw ice  as long (in  s t a t i c  pool exposures)
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to  recover as AChE in h ib ite d  by carbamate in s e c t ic id e s .  Carbaryl 
and carbofuran c o n s is te n t ly  allow ed f a s t  recovery from in h ib it io n  
(6-10 days) w h ile  methomyl and a ld ica rb  require s l ig h t ly  longer  
p eriod s (6 -18  days) for  recovery to  80% o f  the normal a c t iv i t y .  
C om paratively, the organophosphate r a te s  for  recovery to  80% of 
th e normal a c t iv i t y  were: methyl parathion (20-30 d a y s), m alathion
(10 t o > 4 0  d a y s), d icrotophos (13 t o > 2 2  d ays), azinphosm ethyl 
(35 d ays), and Dursban (48 d a y s). I t  i s  in te r e s t in g  to note that 
th ese  r a te s  were observed w h ile  f i s h  were held  in  the treatm ent 
w ater.
G enerally , in h ib ite d  AChE recovered a t  a more rapid ra te  in  
f i s h  removed from the p ools and placed in  in s e c t ic id e - f r e e  aquarium 
w ater than in  th ose f i s h  allow ed to  recover in  the pool treatm ent 
w ater. E xceptions were th a t methomyl and m ethyl parathion recovered  
fa s te r  in  p oo ls  and m alathion recovery r a te s  were the same under 
both c o n d itio n s . Evidence o f a c t iv e  AChE in h ib ito r s  in  the aquarium 
recovery water o f Dursban, methomyl, and azinphosm ethyl in d ic a te  th at 
AChE recovery would have been even more rapid in  a flow -through  
aquarium. Methomyl-and D ursban-inh ib ited  AChE recovered a t slower 
r a te s  in  the aquarium, e v id e n tly  due to  the r e le a s e  o f  a c t iv e  
in h ib ito r s  in to  the w ater.
S c o l io s is
This e f f e c t ,  a la t e r a l  curvature o f  the sp in e accompanied by 
lo c a liz e d  hemorrhaging, was observed in  channel c a t f is h  as a r e s u lt
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o f  h igh  degrees (62-89%) o f  AChE in h ib it io n .  The s ig n if ic a n c e  o f  
s c o l i o s i s  i s  emphasized in  th a t ( 1) a l l  ten  in s e c t ic id e s  were 
observed to  cause s c o l i o s i s ,  (2) i t  i s  a su b le th a l e f f e c t  and (3) i t  
renders permanent damage to  the sp in e .
AChE in h ib it io n -t im e - co n cen tra tion  r e la t io n s h ip s
Carbamate in s e c t ic id e s  were observed to  e f f e c t  maximum AChE 
in h ib it io n  in  channel c a t f i s h  w ith in  2 hours or le s s  and th e r e a fte r  
m aintain  th a t l e v e l  o f  in h ib it io n  u n t i l  recovery  in i t i a t io n .  Compar­
a t iv e l y ,  organophosphates e f fe c te d  maximum in h ib it io n  in  2-8  to  168 
hours. In h ib it io n  o f  channel c a t f i s h  AChE by a l l  in s e c t ic id e s  was 
observed to  be d ir e c t ly  r e la te d  to  the exposure co n cen tra tio n . Time 
o f exposure was o f  importance to  the degree o f  in h ib it io n  e f fe c te d  
( e s p e c ia l ly  in  organophosphate in s e c t i c id e s ) .
AChE Inhibition-Svm ptom  Appearance
S eq u en tia l symptoms in  the to x ic a t io n  process and the a s so c ia te d  
AChE in h ib it io n  ranges were: h y p e r a c tiv ity  (35-75%), le th argy  (66-80%),
body p a r a ly s is  (65-86%), s c o l i o s i s  (62-89%), lo s s  o f eq u ilib riu m  
(78-92% ), opercu lar and mouth p a r a ly s is  w ith  ensuing death (50-95% 
range w ith  a u sual range o f 65-85%). Ranges o ften  overlapped and 
t h is  probably occurred s in ce  th ese  va lu es are o f AChE le v e ls  a t  
which the symptoms were expressed  and do not n e c e s s a r ily  imply th at  
th ese  in h ib it io n  ranges cause a s p e c i f i c  symptom.
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Use o f  F ish  Brain AChE as a. Monitor
When sea so n a l AChE a c t iv i t y  p a ttern s  in  f i s h  from the c o n tr o l 
area (Ben Hur Lake) were used for  com parison, s ig n i f ic a n t  le v e ls  o f  
f i s h  b ra in  AChE in h ib it io n  were rev ea led  in  each o f the 4 m onitoring  
s i t e s .  F ish  c o l le c te d  from Bayou D anials (sugarcane agroecosystem ) 
su sta in e d  s ig n if ic a n t  in h ib it io n  (83% in  b lu e g i l l ,  43% in  channel 
c a t f i s h ,  and 227o in  g izzard  sh ad), w ith  recovery beginning subsequent 
to  th e la s t  azinphosm ethyl a p p lic a t io n  o f the season (August 14 ). 
A zinphosm ethyl exposure was confirm ed by th in  layer chromatography. 
F ish  c o l le c t e d  from 3 s i t e s  in  the cotton -soyb ean  agroecosystem  
(Lake S t .  P eter Canal, B ig Choctaw Bayou, and Tensas R iver) e x h ib ite d  
AChE d ep ressio n s la t e  in  th e growing season  (August 24) when m ethyl 
p arath ion  a p p lic a tio n s  are in creased  in  dosage per acre as w e ll  as 
in  acreage tr e a te d . AChE in h ib it io n  d etected  a t  the August 24 
c o l le c t io n  for  b lu e g i l l  were 17%, 367°, and 59% for  Tensas R iv er , Big  
Choctaw Bayou and Lake S t .  P eter  Canal, r e s p e c t iv e ly .  Gizzard shad 
AChE in h ib it io n  a t  the same c o l le c t io n  date was 25% a t  B ig Choctaw 
Bayou w ith  no in h ib it io n  a t  Tensas R iver . Channel c a t f i s h  from Big  
Choctaw Bayou did not e x h ib it  AChE in h ib it io n  although m ethyl 
parath ion  was d etec ted  in  th ese  f i s h  by th in  layer chromatographic 
a n a ly s is .
The aforem entioned le v e ls  and d is tr ib u t io n  o f AChE in h ib it io n  
warrant e x te n s iv e  in v e s t ig a t io n s  to  determ ine i f  th ese  are indeed  
a ccu ra te  measurements o f  a n t i-c h o lin e s te r a s e  in s e c t ic id e  contam ination .
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S tu d ie s  to  d e te rm in e  th e  s t a t e - w id e  d i s t r i b u t i o n  and o c c u rre n c e
f re q u e n c y  o f  such  c o n ta m in a t io n  a p p e a r  t o  be  in  o r d e r .
P r a c t ic a l i t y  o f  th e AChE Monitor Method
This method has p o te n t ia l fo r  u t i l i z a t io n  e i th e r  as the primary 
or as a secondary m onitoring method. However, a d d it io n a l research  i s  
needed to determ ine: (1) normal sea so n a l AChE a c t iv i t y  p a ttern s and
sou rces o f  v a r ia t io n  th e r e o f , (2 ) the expected  b io lo g ic a l  s i g n i f i ­
cance o f  observed le v e ls  o f  AChE in h ib it io n  in  each m onitor s p e c ie s ,
(3) improved methodology to  reduce the amount o f  labor in v o lv ed ,
(4) the sou rces o f  v a r ia tio n  a s so c ia te d  w ith  each monitor program,
(5) standard ized  methods fo r  confirm atory t e s t s  o f  exposure to a n t i­
c h o lin e s te r a s e  compounds and ( 6) a ccu ra te  methods for  comparison o f  
normal or expected  AChE a c t i v i t i e s  to  th ose  observed in  m onitor f i s h .
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
LITERATURE CITED
Abou-Donia, M.B. and D.B. M enzel. 1967. F ish  b ra in  c h o lin e s te r a se :  
I t s  in h ib it io n  by carbamates and autom atic a ssa y . Comp. Biochem 
P h y s io l. 21 :99-108 .
American P ub lic  H ealth  A sso c ia t io n . 1965. Standard methods for the  
exam ination o f  w ater and w aste w ater. Amer. P u b lic  Health Assoc 
In c . New York. 626 pp.
A u gu stin sson , K.B. 1957. A ssay methods for c h o lin e s te r a s e s .  In:
D. G lick , Methods o f  b iochem ical a n a ly s is .  I n te r s c ie n c e , New 
York. 5 :1 -6 5 .
Baslow , M.H. and R .F. N ig r e l l i .  1964. The e f f e c t  o f therm al acclim a  
t io n  on brain  c h o lin e s te r a se  a c t iv i t y  o f th e k i l l i f i s h ,  Fundulus 
h e t e r o c l i t u s . Z oo log ica . 49 :4 1 -5 1 .
Bender, M.E. 1968. The e f f e c t  o f m alathion on f i s h e s .  Ph.D.
T h es is . R utgers S ta te  U niv. New Brunswick, N .J. D iss .
A bstr. 2 9 (B ):2236 (A b s tr .) .
Cope, O.B. 1965. Sport f is h e r y  in v e s t ig a t io n s . In: The e f f e c t s  o f
p e s t ic id e s  on f i s h  and w i l d l i f e ,  1964 research  fin d in g s  o f the  
f i s h  and w i ld l i f e  s e r v ic e . U .S. F ish . W ildl. Serv. C ir. 226: 
51-63 .
Cope, O.B. 1971. In te r a c t io n s  between p e s t ic id e s  and w i ld l i f e .
Annu. Rev. Entomol. 16:325-364.
C u lley , D.D. and D.E. Ferguson. 1969. P a ttern s o f  in s e c t ic id e
r e s is ta n c e  in  th e m o sq u ito fish , Gambusia a f f i n i s . J . F ish . R es. 
Bd. Can. 26:2395-2401.
D a r s ie , R .F. and F .E . C orriden. 1959. The t o x ic i t y  o f  m alathion to  
k i l l i f i s h  (C yprinodontidae) in  Delaware. J . Econ. Entomol. 
52:696-700 .
Baum, R .J . 1970. R ev is io n  o f  two computer programs for  p rob it
a n a ly s is .  B u ll. Entomol. Soc. Amer. 16:10-15 .
D av is , J .T . 1960. F ish  p op u la tion s and aquatic  co n d itio n s  in  
p o llu ted  w aters in  L ou isian a . La. W ildl. and F ish . Comm. 
(F ish e r ie s  S e c t io n ) . B u ll. 1:121 p.
131
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
132
DeCandole, C .A ., W.W. D ouglas, C.L. Evans, R. Holmes, K.E.V. Spencer, 
R.W. Torrance, K.H. W ilson. 1953. The fa i lu r e  o f r e sp ir a tio n  in  
death by a n t ic h o lin e s te r a s e  po ison ing . B r it .  J . Pharmacol. 
8:466-475.
Dixon, M. and E.C. Webb. 1964. Enzymes. Academic P ress , Inc.
New York. 950 p.
Dzasakhova, N.G. 1967. The e f f e c t  o f D ipterex on f is h e s .
V eterin ariya  (U .S .S .R .) . 4 4 :6 8 , Chem. Abs. 68:77169.
E is le r ,  R. 1970. F actors a f f e c t in g  p e s t ic id e  induced t o x ic i t y  in  
estu a r in e  f i s h .  U .S . Bur. Spt. F ish . W ildl. Tech. Paper.
T.P. 45 . 20 pp.
Ellm an, G .L ., K.D. Courtney, V. Andres, J r . ,  R.M. F eatherstone.
1961. A new and rapid  co lo r im etr ic  d eterm ination  of 
a c e ty lc h o lin e s te r a s e  a c t iv i t y .  Biochem. Pharmacol. 7 :88-95 .
Englehard, N ., K. P rchal, and M. Nenner. 1967. A c e ty lc h o lin e s te r a se .  
Angew. Chem., I n t .  ed. 6:215-226.
Epps, E .A ., F .L . Bonner, L.D. Newsom, R. C arlton , and R.O. Smitherman. 
1967. Prelim inary report on a m onitoring study in  L ouisiana.
B u ll .  Environ. Contam. T o x ico l. 2:333-339.
Fry, F .E .J . 1957. The aq u atic  r e sp ir a t io n  o f f i s h  In: M.E. Brown.
The p h ysio logy  o f  f i s h e s .  Academic P re ss , In c. New York.
V ol. 1 :6 -2 4 .
Gage, J .C . 1961. R esidue determ ination  by c h o lin e s te r a se  in h ib it io n  
a n a ly s is .  Advan. P e s t . Contr. R es. 4 :183-210 .
Gibson, J .R .,  T.L. Ludke, and D.E. Ferguson. 1969. Sources o f  error  
in  the use o f f is h -b r a in  a c e ty lc h o lin e s te r a s e  as a monitor for  
p o llu t io n . B u ll. Environ. Contam. T o x ico l. 4 :1 8 -2 3 .
Guerrant, G.O., L.E. F e tz e r , J r . ,  and J.W. M iles . 1970. P e s t ic id e  
r e s id u es  in  Hale C o., Texas, before and a f te r  u ltra -lo w  volume 
a e r ia l  a p p lic a t io n  o f m alath ion . P e s t ic .  M onit. J . 4 :1 4 -1 9 .
H azel, J . 1969. The e f f e c t  o f  thermal acc lim a tio n  upon brain
a c e ty lc h o lin e s te r a s e  a c t iv i t y  o f  C arassius auratus and Fnndulus 
h e t r o c l i t u s . L ife  S c i .  8 (Part I l) :7 7 5 -7 8 4 .
H a z e it in e , W. 1962. S a fe ty  o f  w i ld l i f e  i s  important to  planners o f  
g n a t-co n tro l program. Agr. Chem. 1 7 (D e c .):1 2 -1 4 , 76.
H estr in , S. 1949. The rea c tio n  o f  a c e ty lc h o lin e  and other carb oxy lic  
a c id  d e r iv a tiv e s  w ith  hydroxylamine and i t s  a n a ly t ic a l  a p p lic a t io n .  
J . B io l . Chem 180:249-261.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
133
Henderson, C. and Q.H. P ick er in g . 1957. T o x ic ity  o f  organic  
phosphorous compounds to  f i s h .  Trans. Amer. F ish . Soc.
87:39-51 .
Henderson, C. and Q.H. P ick er in g . 1963. Use o f  f i s h  in  the
d e te c t io n  o f contam inants in  water su p p lie s . J . Amer. Water 
Works A ssoc. 55:715-720.
Henderson, C ., Q.H. P ick er in g , and C.M. T arzw ell. 1959. The 
t o x ic i t y  o f  organic phosphorus and ch lo r in a ted  hydrocarbon 
in s e c t ic id e s  to  f i s h .  U.S. P ub lic  H ealth Ser. Robt. A.
T a ft. San. Eng. C en ter ., Tech. Rep. W 60-3:76-88.
H off, J.G . and J.R . Westman. 1965. The use o f a Dibrom-malathion  
m ixture as a s e le c t iv e  p is c ic id e .  N.Y. F ish  Game J . 12:99- 
104.
Hogan, J.W. 1970. Water tem perature as a source o f  v a r ia tio n  in  
s p e c i f ic  a c t iv i t y  o f  brain  a c e ty lc h o lin e s te r a s e  o f b lu e g i l l s .
B u ll . Environ. Contam. T o x ic o l. 5 :347-353 .
Hogan, J.W. and C.O. Knowles. 1968a. Some enzym atic p ro p ertie s  o f 
b rain  a c e ty lc h o lin e s te r a s e  from b lu e g i l l  and channel c a t f i s h .
J . F ish . R es. Bd. Can. 25:615-623.
Hogan, J.W. and C.O. Knowles. 1968b. D egradation o f organophosphates 
by f i s h  l i v e r  phosphatases. J . F ish  Res. Bd. Can. 25:1571-1579.
H olland, H .T ., D.L. Coppage, and P.A. B u tler . 1967. Use o f  f is h
b ra in  a c e ty lc h o lin e s te r a s e  to  m onitor p o llu t io n  by organophosphorus 
p e s t ic id e s .  B u ll. Environ. Contam. T o x ic o l. 2 :156-162 .
H olland, H.T. and J . I .  Lowe. 1966. M alathion: Chronic e f f e c t s  on
estu a r in e  f i s h .  Mosq. News. 26:383-385.
Johnson, D.W. 1968. P e s t ic id e s  and F ish es  - A review  o f s e le c te d  
l i t e r a t u r e .  Trans. Amer. F ish . Soc. 97:398-424.
Kenaga, E.E. and W.E. A ll is o n . 1969. Commercial and experim ental
organic in s e c t i c id e s .  1969 R ev is io n . B u ll. Entomol. Soc. Amer. 
15:85-148.
Kennedy, D. and D.F. Walsh. 1970. E ffe c ts  o f  m alathion on two warm 
w ater f is h e s  and aq u atic  in v er te b r a tes  in  ponds. U .S. Bur. Spt. 
F ish . W ildl. Tech. Paper. TP-43:12 pp.
Konar, S.K. 1969. Laboratory s tu d ie s  on two organophosphate i n s e c t i ­
c id e s ,  DDVP and phosphamidon, as s e le c t iv e  to x ic a n ts . Trans. Amer. 
F ish . Soc. 98:430-437.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
134
Lowe, J .L . 1967. E f fe c ts  o f  prolonged exposure to  Sevin  on an 
e s tu a r in e  f i s h ,  Leiostom us xanthurus (L a c ip id a e ). B u ll.
Environ. Contain. T o x ic o l. 2 :147-154.
Ludtke, A.H. and F.K. Ohnesorge. 1966. C harakterisierung  der 
C h olin esterasen  in  versch iedenen  Geweben der S c h le ie  (Tinea 
v u lg a r is  und des Kaninchens. (E n g lish  Summary). Z. V ergl. 
P h y s io l. 52:260-275 .
Ludwig, P .D ., H.J. D ishburger, J.C . M cN eill, W.O. M ille r ,  and J.R.
R ice . 1968. B io lo g ic a l  e f f e c t s  and p e r s is te n c e  o f  Dursban 
in s e c t ic id e  in  a sa lt-m arsh  h a b ita t . J . Econ. Entomol.
61:626-633.
M acDougall, D. 1964. Guthion. In: G. Zweig, A n a ly t ic a l methods
for  p e s t ic id e s ,  p la n t growth r e g u la to r s , and food a d d it iv e s .
Vol 2. I n s e c t ic id e s ,  Academic P re ss , New York. PP 234-244.
Macek, K .J .,  C. H utchinson, and O.B. Cope. 1969. E ffe c t  o f
tem perature on the s u s e p t ib i l i t y  o f  b lu e g i l l s  and rainbow  
tro u t to  s e le c te d  p e s t ic id e s .  B u ll. Environ. Contam.
T o x ic o l. 4 :174 .
Macek, K .J. and W.A. M cA llis te r . 1970. I n s e c t ic id e  s u s c e p t ib i l i t y  
o f some common f i s h  fam ily  r e p r e se n ta t iv e s . Trans. Amer. F ish . 
Soc. 99 :20-27 .
M atton, P. and Q.N. LaHam. 1969. E ffe c t  o f  the organophosphate
Dylox on rainbow tro u t la rv a e . J . F ish . R es. Bd. Can. 26:2193- 
220 0 .
M enzie, C.M. 1969. M etabolism  o f p e s t ic id e s .  U .S. Bur. Spt. F ish . 
W ildl. Spec. S c i .  R ep .-W ild l. No. 127:487 p.
M etc a lf , R.L. 1955. Organic in s e c t ic id e s :  th e ir  chem istry  and mode
of a c t io n . In te r s c ie n c e , New York. 392 p.
Meyer, F .P . 1965. The experim ental use o f  Guthion as a s e le c t iv e  f i s h
er a d ic a to r . Trans. Amer. F ish . Soc. 94:203-209.
Meyer, F .P . 1966. A new c o n tro l for  th e anchor p a r a s ite ,  Lernaca
cyp rinacea . Progr. F ish -C u lt. 28 :33 -39 .
Mount, D .I . and C.E. Stephan. 1967. A method for  e s ta b lis h in g  a cce p t­
a b le  to x ic a n t l im it s  for  fish -m a la th io n  and th e  butoxyethanol 
e s te r  o f  2 ,4 -D . Trans. Amer. F ish . Soc. 96 :185-193 .
M ulla, M.S. 1966. T o x ic ity  o f  new organ ic in s e c t ic id e s  to  m osquito
f i s h  and some other aq u atic  organism s. Mosq. News 26:87-91 .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
135
M u lla ,  M .S .,  J . S t .  A m ant, and L .D . A n d e rso n . 1967. E v a lu a t io n  o f
o r g a n ic  p e s t i c i d e s  f o r  p o s s ib l e  u se  a s  f i s h  t o x i c a n t s .  P ro g r .
F i s h - C u l t .  2 9 :3 6 -4 2 .
Muncy, R .J . and A.D. O liv e r , J r . 1963. T o x ic ity  o f  ten  in s e c t ic id e s  
to  th e red c r a w fish , Procambarus c la r k i (G irard ). Trans. Amer.
F ish  Soc. 92 :428 -431 .
Murphy, S.D . 1966. L iver m etabolism  and t o x ic i t y  o f  th iophosphate  
in s e c t ic id e s  in  mammalian, a v ia n , and p is c in e  s p e c ie s .  Proc.
Soc. Expt. B io l .  Med. 123:392-398.
Murphy, S .D ., R.R. Lauwerys, and K.L. Cheever. 1968. Comparative 
a n t ic h o lin e s te r a s e  a c t io n  o f  organophosphorus in s e c t ic id e s  in  
v e r te b r a te s . T o x ic o l. Appl. Pharm. 1 2 :22 -35 .
N ich o lson , H.P. 1967. P e s t ic id e  p o llu t io n  c o n tr o l. Scier.ce. 158: 
871-876.
O 'B rien, R.D. 1960. Toxic phosphorus e s t e r s .  Chem istry, m etabolism , 
and b io lo g ic a l  e f f e c t s .  Academic P r e ss , New York. 434 p.
O 'B rien, R.D. 1963. Organophosphates and carbam ates. In: R.M.
Hochster and J.H . Q u aste l. M etabolic in h ib ito r s .  Academic P ress , 
New York. Vol 2 :205-242 .
O 'B rien, R.D. 1967. I n s e c t ic id e s :  A ction  and m etabolism . Academic
P r e ss , I n c . ,  New York. 332 p.
O 'B rien, R.D. 1969. P h osphorylation  and carbam ylation  o f c h o lin e s te r a se .  
Ann. N.Y. Acad. S c i .  160, A rt. 1 :205-214.
P ick er in g , Q .H ., C. Henderson, and A.E. Lemke. 1962. The t o x ic i t y  o f  
organic phosphorus in s e c t ic id e s  to  d if f e r e n t  sp e c ie s  of warmwater 
f i s h .  Trans. Amer. F ish . Soc. 81:175-184 .
Sm ith, G.N. 1966. B asic s tu d ie s  on Dursban in s e c t i c id e .  Down Earth. 
2 2 :3 -7 .
Sm ith, G .N ., B .S. Watson, and F .S . F isc h e r . 1966. The m etabolism  of  
()30._<iiethyi 0 - ( 3 , 5 , 6 - t r ic h lo r o - 2-p y r id y l)  phosphorothioate  
(Dursban) in  f i s h .  J . Econ. Entomol. 59:1464-1475 .
S r iv a s ta v a , U .S. and S.K. Konar. 1966. DDVP a s  a s e le c t iv e  toxrcan t  
for  th e c o n tr o l o f  f i s h  and in s e c t s .  Progr. F ish -C u lt. 28:235-  
238.
Vandekar, M. and D .F. Heath. 1957. The r e a c t iv a t io n  o f c h o lin e s te r a se  
a f t e r  in h ib it io n  _in v iv o  by some dim ethyl phosphate e s t e r s .
Biochem. J . 67 :202-208 .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
136
V o ss , G. 1966. A utom ated  d e te r m in a t io n  o f  a c t i v i t y  and  i n h i b i t i o n  o f
c h o l i n e s t e r a s e  w i th  a c e t y l t h i o c h o l in e  and d i t h i o b i s n i t r o b e n z o i c
a c i d .  J .  E con. E n tom ol. 5 9 :1 2 8 8 -1 2 9 0 .
V oss, G. 1968. The fundamental k in e t ic s  o f  c h o lin e s te r a se  r e a c t io n  
w ith  su b str a te s  and in h ib ito r s  in  an autom ated, continuous flow  
system . R esidue Rev. 23 :71-96 .
Warner, R .E. 1967. B ioassays for  m icrochem ical environm ental
contam inants w ith  s p e c ia l  r e fe ren ce  to  w ater s u p p lie s .  B u ll. 
World H ealth Organ. 36:181-207 .
Warner, R .E ., K.K. P eterson  and L. Borgman. 1965. B ehavioral
pathology in  f i s h :  a q u a n tita t iv e  study o f  su b le th a l p e s t ic id e
in to x ic a t io n . In : P e s t ic id e s  in  th e environment and th e ir
e f f e c t s  on w i l d l i f e .  J . Appl. E co l. 3 (S u p p l.):2 2 3 -2 4 7 .
W eiss, C.M. 1958. The d eterm ination  o f c h o lin e s te r a se  in  the
b rain  t i s s u e  o f  th ree sp e c ie s  o f  fresh  w ater f i s h  and i t s  
in a c t iv a t io n  in  v iv o . E cology. 39 :194-199 .
W eiss, C.M. 1959. Response o f f i s h  to  su b le th a l exposures o f
organ ic phorphorous in s e c t ic id e s .  Sewage and Ind. Wastes. 
31:580-593 .
W eiss, C.M. 1961. P h y s io lo g ic a l e f f e c t s  o f  organ ic phosphorous
in s e c t ic id e s  on se v e r a l sp e c ie s  o f  f i s h .  Trans. Amer. F ish .
Soc. 90:143-152 .
W eiss, C.M. 1965. The u se  o f  f i s h  to  d e te c t  organ ic in s e c t ic id e s
in  w ater. J . Water P o llu t .  Contr. Fed. 37:647-658 .
W eiss, C.M. and J .L . B o tts . 1957. The response o f some fr e sh ­
w ater f i s h  to  isop ro p y l m ethylphosphonofluoridate (Sarin) in
w ater. Linmol. Oceanog. 2 :363-367 .
W eiss, C.M. and J.H. G ak sta tter . 1964a. The decay o f a n t i ­
c h o lin e s te r a se  a c t iv i t y  o f organ ic phorphorus in s e c c ic id e s  on 
s to ra g e  in  w aters o f  d if f e r e n t  pH. J . Water P o l lu t .  Contr.
Fed. 36 :274-276 .
W eiss, C.M. and J.H . G ak sta tter . 1964b. D etec tio n  o f  p e s t ic id e s
in  w ater by b iochem ical a ssa y . J . Water P o l lu t .  Contr. Fed. 
36:240-253 .
W illiam s, A.K. and C.R. Sova. 1966. A c e ty lc h o lin e s te r a se  le v e ls  in  
b rain s o f  f is h e s  from p o llu ted  w a ters . B u ll . Environ. Contam. 
T o x ic o l. 1 :198-204.
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
W itter , R .F . 1963. Measurement o f blood c h o lin e s te r a se . Arch. 
Environ. H ealth. 6 :537-563 .
Zweig, G. and J.M. D evine. 1969. D eterm ination o f  organophosphorus 
p e s t ic id e s  in  w ater. R esidue Rev. 26 :17-36 .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
R
eproduced 
with 
perm
ission 
of the 
copyright 
ow
ner. 
Further 
reproduction 
prohibited 
w
ithout 
perm
ission.
Table 1. Water chem istry  a n a ly se s  o f  com posite  w ater sam ples from p oo ls  on 4 -1 7 -7 0  p r io r  
to  s to c k in g  f i s h ,  L ou isian a  S ta te  U n iv e r s ity  Ben Hur Farm, Baton Rouge, 1970.
Pool
No.
ppm
D isso lv ed
Oxygen
ppm
T ota l
Hardness
ppm
C02
ppm
T ota l
A c id ity
A lk a l in i ty  (ppm) 
P h en o lp h th a le in  M ethyl Orange pH
°C
Temp Time
1-7 10.5 6 8 .4 20 17.1 0 222 .3 8 .5 28 10 am
8-15 10 .0 6 8 .4 20 1 7 .1 0 205 .2 9 .0 28 10 am
16-20 10.3 6 8 .4 20 17 .1 0 222 .3 8 .5 28 10 am
w
VO
Table 2. Water chem istry  a n a ly se s  o f  w ater sam ples taken June 4 , 1970 a f t e r  fr e sh  w ater was p laced  
in  p o o ls  May 30 , 1970, L ou isiana  S ta te  U n iv e r s ity  Ben Hur Farm, Baton Rouge, 1970.
ppm ppm ppm ppm  A lk a l in i ty  (ppm)___________ o(
Pool
No.
D isso lv ed
Oxygen
T ota l
Hardness C02
Free
A c id ity P h en o lp h th a le in
M ethyl Orange 
( t o t a l ) pH Temp Time
3 6 .0 6 8 .4 20 0 0 185 6 .5 23 10 am
6 6 .2 6 8 .4 20 0 0 178 6 .7 24 10 am
7 7 .5 6 8 .4 15 0 0 185 6 .8 23 10 am
8 3 .5 6 8 .4 20 0 0 239 7 .2 22 10 am
9 8 .2 6 8 .4 20 0 0 198 7 .4 23 10 am
10 6 .0 6 8 .4 10 0 0 144 7 .5 24 10 am
11 6 .0 6 8 .4 25 0 0 222 7 .3 23 10 am
13 7 .0 6 8 .4 20 0 0 164 6 .8 22 10 am
14 7 .0 6 8 .4 15 0 0 178 7 .4 23 10 am
15 9 .0 6 8 .4 15 0 0 193 7 .2 22 10 am
16 8 .0 6 8 .4 20 0 0 185 7 .6 25 10 am
17 7 .5 6 8 .4 15 0 0 178 7 .3  
(con tin u ed
23 10 am 
on next page)
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Table 2. (con tin u ed )
Pool
No.
ppm
D isso lv ed
Oxygen
ppm
T ota l
Hardness
ppm
C° 2
ppm
Free
A c id ity
A lk a l in i ty  (ppm)
M ethyl Orange 
P h en o lp h th a le in  ( t o t a l ) pH
°C
Temp Time
18 6 .3 6 8 .4 15 0 0 193 7 .6 24 10 am
19 5 .0 6 8 .4 10 0 0 171 7 .4 23 10 am
20 7 .5 6 8 .4 20 0 0 171 6 .3 25 10 am
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Table 3 . Temperature o f  pool water taken 10 in ch es below the surface
during the course o f  Experiment I ,  L ouisiana S ta te  U n iversi ty  
Ben Hur Farm; Baton Rouge^ 1970.
Date Time o f  Day Temperature (°C)
4 /1 7 10 am 28
4 /2 2 4 pm 27
4/29 4 pm 25
5 /7 6 pm 24-26
5 /10 9 am 23
5/15 9 am 26
5/25 9 am 27
6/1 4 pm 28
6 /4 10 am 23
6/10 9 am 24
6/13 4 pm 28
6/16 4 pm 29
6/18 1 pm 26
6/23 3 pm 28
7 /8 9 am 25
7/14 9 am 27
7/20 3 pm 30
7/25 8 am 23
7/30 8 am 25
8/5 8 am 27
8/10 4 pm 31
8/12 8 am 27
8/16 5 pm 30
8/20 4 pm 29
8/25 8 am 26
9 /1 8 am 26
9 /10 4 pm 27
9/15 4 pm 26
9 /2 0 4 pm 25
X 25.65
Range 23-31
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T a b le  4 .  M easurem ents o f  pH i n  e a c h  t e s t  p o o l on th e  a p p ro x im a te
t r e a tm e n t  d a t e s ,  L o u is ia n a  S t a t e  U n iv e r s i ty  Ben Hur Farm ,
B aton  R ouge, 1970.
Date o f pH Measurement^/
Pool No. Treatment 5 /7 6 /4 6/22 5c
1 Check - 7 .3 7 .1 7 .20
2 Check - 6 .5 6 .9 6 .7 0
3 Carbofuran 6 .5 7 .6 7 .1 7 .07
4 Monocrotophos - 7 .5 7 .5 7 .50
5 Check - 7 .3 6 .8 7 .05
6 D icrotophos 6 .7 6 .3 6 .9 6 .63
7 Dursban 6 .8 6 .5 7 .6 6 .97
8 Check 7 .2 7 .2 7 .1 7 .17
9 M alathion 7 .4 7 .3 7 .2 7 .30
10 Methyl Parathion 7 .5 6 .9 7 .1 7 .17
11 Check 7 .3 7 .2 7 .0 7.17
12 Check - 7 .5 7 .4 7.45
13 Check 6 .8 6 .0 6 .9 6 .57
14 A ldicarb 7 .4 6 .5 6 .8 6 .9 0
15 Check 7 .2 6 .7 7 .2 7 .03
16 Methomyl 7 .6 7 .7 7 .3 7 .53
17 Check 7 .3 6 .8 7 .1 7.06
18 Carbaryl 7 .6 7 .0 7 .0 7 .20
IS Check 7 .4 7 .2 7 .6 7 .40
20 Azinphosmethyl 6 .3 7 .2 7 .2 6 .90
—^ See Table I I I .  fo r  treatm ent d a te s .
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T a b le  5 . C hannel c a t f i s h  b r a i n  AChE a c t i v i t y  su b se q u e n t to
t r e a tm e n t  w i th  m onocro tophos i n  p o o l s ,  L o u is ia n a
S t a t e  U n iv e r s i ty  Ben Hur F arm , B aton  R ouge, 1970.
Days a f t e r  
treatm ent
No.
f i s h
x  w t.
brain
(mg)
A h /
min
M ASCh %Nor.—/ %Inh.
1s t  Treatment 5 ppm 5 -7 -7 0
1 5 81 0.370 10.61 37 63
5 3 89 .150 4 .0 4 14 86
7 3 85 .158 4 .5 3 16 84
14 3 107 .172 4 .9 3 17 83
16 1 65 .173 4 .95 17 83
—^ Mean normal a c t iv i t y  = 28.86^,M ASCh/min/gm
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T a b le  6 . C hannel c a t f i s h  b r a i n  AChE a c t i v i t y  s u b s e q u e n t to
t r e a tm e n t  w i th  a z in p h o s m e th y l i n  p o o l s ,  L o u is ia n a
S t a t e  U n iv e r s i ty  Ben lia r  Farm , B aton  R ouge, 1970.
Days a f te r  
treatm ent
No.
f i s h
x  w t. 
b rain  
(mg)
A A /
min
^  M ASCh 70Nor 7oInh.
1s t  Treatment 0. 5 ppm 5 -7 -7 0
0 .5 2 88 0 .041 1.15 4 96
1 5 81 ,030 0.86 3 97
2 1 75 .025 0 .72 3 97
5 2 106 .015 0 .4 0 1 99
7 4 75 .039 1 .38 5 95
14 3 82 .131 3 .76 13 87
24 3 70 .540 15.50 54 46
27 3 91 .730 20.95 73 27
34 3 106 .745 21.38 74 26
41 2 71 .900 25.83 90 10
49 3 86 .860 24.68 86 14
2/Mean normal a c t iv i t y  28 .86  ASCh/min/gm
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T a b le  7 . C hannel c a t f i s h  b r a i n  AChE a c t i v i t y  s u b se q u e n t to
t r e a tm e n t  w i th  d ic r o to p h o s  i n  p o o l s ,  L o u is ia n a
S t a t e  U n iv e r s i ty  Ben Hur Farm , B a to n  R ouge, 1970.
Days a f te r  
treatm ent
No.
f is h
x  w t.
b ra in
(mg)
A a /
min
ASCh %Nor.—^ 7oInh.
1s t  Treatment 1 ppm 5 -7 -7 0
1 5 88 0.65 18.65 65 35
5 3 77 .64 18.37 65 35
7 3 86 .48 13.68 47 53
14 3 85 .90 25.83 90 10
24 3 76 .87 24.97 87 13
2nd Treatment 2 .5 ppm 6 -1 -7 0
1 3 92 0 .44 12.63 44 56
3 3 81 .37 10.61 37 63
7 i 84 .27 7.75 27 73
14 3 79 .25 7.09 25 75
22 3 95 .55 15.78 55 45
—^ Mean normal a c t iv i t y  = 28 .86 jslM ASCh/min/gm
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T a b le  8 . C hannel c a t f i s h  b r a in  AChE a c t i v i t y  s u b se q u e n t to
t r e a tm e n t  w ith  m a la th io n  in  p o o ls ,  L o u is ia n a  S t a t e
U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Days a f t e r  No. x  w t.
treatm ent f i s h  b ra in  A A /  ASCh %Nor.— %Inh.
(mg) min
1s t  Treatment 2 ppm 5 -7 -70
1 5 83 0.40 11.48 40 60
5 3 83 .57 16.36 57 43
7 3 86 .68 19.52 68 32
14 3 87 .94 26.83 93 7
24 3 67 .95 27.26 94 6
2“  Treatment 4 ppm 6-1 -70
1 3 67 .11 3.15 11 89
3 3 78 .07 2.09 7 93
7 3 73 .22 6.26 22 78
14 3 98 .54 15.50 54 46
22 3 91 .40 11.48 40 60
23 3 84 .66 18.94 66 34
3rd treatm ent 4 ppm 6-18-70
1 oJ 77 .16 4 .4 8 16 84
2 1 103 .11 3.27 11 89
4 2 97 .42 12.05 42 58
8 3 90 .46 13.20 46 54
11 2 83 .50 14.35 50 50
13 2 105 .68 19.52 68 32
(continued on next page)
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Table 8 . (continued)
Days a f te r  
treatm ent
No.
f i s h
x  wt. 
brain  
( m g )
4  A /
min
ASChA %Nor.—^ %Inh.
18 2 78
VOr*• 21.81 76 24
21 2 112 .59 16.90 59 41
28 2 98 .62 19.50 6 8 32
35 2 102 .73 20.95 73 27
40 1 157 .64 18.37 64 36
£/Mean normal a c t iv i t y  = 28 .85 ASCh/min/gm
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T a b le  9 . C hannel c a t f i s h  b r a i n  AChE a c t i v i t y  su b s e q u e n t to
t r e a tm e n t  w i th  m e th y l p a r a th io n  i n  p o o ls ,  L o u is ia n a
S t a t e  U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Days a f t e r  No. x  w t. .
treatm ent f i s h  b ra in  A a /  /f.M ASCh %Nor.—' %Inh.
(mg) min
1s t  Treatment 1 ppm 5 -7 -7 0
1 5 92 0 .75 21.57 75 25
5 3 86 .58 16.65 58 42
7 3 67 .52 14.92 52 48
14 3 83 .62 17.64 61 39
24 3 93 .89 25 .5 4 88 12
2nc* Treatment 1 .5  ppm 6 -1 -7 0
1 3 82 .42 11.94 41 59
3 3 84 .26 7.32 25 75
7 3 77 .41 11.77 41 69
14 3 86 .71 20 .38 71 29
22 3 83 .74 21 .24 74 26
3r“ Treatment 1. 75 ppm 6-23 -70
3 3 92 .19 5 .45 19 81
6 2 88 .91 26 .12 90 10
10 3 84 .63 17.93 62 38
15 2 87 .60 17.22 60 40
18 2 88 .69 19.80 69 •31_ /  JU
23 2 85 .69 19.80 69 31
(continued on next page)
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T a b le  9 . ( c o n t in u e d )
Days a f t e r  
treatm ent
No.
f i s h
x  wt. 
brain
(mg)
A  A /
min
ASCh %Nor %Inh.
30 2 90 .87 24.97 86 14
35 2 92 .76 21.81 76 24
a  /
— Mean normal a c t i v i t y  = 28.86 .^M ASCh/min/gm
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T a b le  10. C hannel c a t f i s h  b r a i n  AChE a c t i v i t y  s u b s e q u e n t t o
t r e a tm e n t  w i th  D ursban  i n  p o o l s ,  L o u is ia n a  S t a t e
U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Days a f t e r  No. x  wt. ,
treatm ent f i s h  brain  ^  A /  ASCh %Nor.“  %Inh.
(mg) min
jS t  Treatment 0 .01  ppm 5 -7 -70
1 5 91 0 .65 18.65 65 35
5 3 78 .50 14.35 50 50
-7 3 86 .60 17.22 60 40
14 3 79 .79 22.67 79 21
24 3 88 .76 21.81 76 24
2nd Treatment 0 . 05 ppm 6--1-70
1 3 88 .05 1.37 5 95
3 3 82 .09 2.56 9 91
7 3 76 .15 4 .3 0 15 85
14 3 69 .19 5 .48 19 81
22 3 81 .23 6.69 23 77
3rd Treatment 0 . 05 ppm 6- 23-70
3 3 96 .13 3.73 12 88
6 3 76 .13 3 .64 13 87
10 3 79 .12 3 .20 11 89
15 2 100 .13 3 .58 12 88
18 2 106 .16 4 .71 16 84
23 2 112 .17 4 .79 17 83
(continued on next p age)
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T a b le  10. (c o n t in u e d )
Days a f t e r  
treatment
No.
f i s h
x  wt. 
brain
(mg)
A  A /
min
^M ASCh %Nor.—^ %Inh.
30 2 84 .38 10.90 38 62
31 2 70 .95 27.27 95 5
39 2 114 .72 20.66 72 28
48 3 123 .83 23.82 83 17
62 3 114 .75 21.57 75 25
—/Mean normal a c t i v i t y  = 28.86 ^M  ASCh/min/gm
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T ab le  11. C hannel c a t f i s h  b r a in  AChE a c t i v i t y  s u b se q u e n t to
t r e a tm e n t  w i th  a l d i c a r b  i n  p o o l s ,  L o u is ia n a  S t a te
U n iv e r s i ty  Ben Hur Farm , B a to n  R ouge, 1970.
Days a f te r  
treatment
No.
f i s h
X w t .
brain
(mg)
A A  /
min
ASCh %Nor.-^ %Inh.
1s t  Treatment 0. 1 ppm 5 -7 -70
1 5 90 0 .94 26.97 93 7
5 - 3 86 .74 21.24 74 26
7 3 86 .84 24 .10 84 16
14 3 79 1.18 33.86 117
24 2 90 .97 27.84 97 O
2nd Treatment 0 . 75 ppm 6 -1 -70
1 1 82 .19 5.45 19 81
3 2 90 .20 5 .74 20 80
7 2 93 .31 8.89 31 69
14 2 78 1 .10 31.57 109
3rd Treatment (new f i s h )  2 .5 ppm
3 3 91 .16 4 .4 8 16 84
6 3 94 .48 13.62 47 53
10 3 88 .99 28.41 98 2
15 2 74 .68 19.37 67 33
18 1 112 .78 22.39 78 22
23 2 83 .77 22.10 77 23
30 2 94 .98 28.13 98 2
3  /— Mean normal a c t i v i t y  = 28.86 fe.M ASCh/min/gm
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T a b le  12. C hannel c a t f i s h  b r a i n  AC’nE a c t i v i t y  su b se q u e n t to
t r e a tm e n t  w i th  c a r b a r y l  i n  p o o ls ,  L o u is ia n a  S t a te
U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Days a f t e r  
treatment
No.
f i s h
x  w t.  
brain  
(mg)
4  a/
min
ASCh %Nor %Inh.
1s t  Treatment 2 ppm 5 -7 -7 0
1 5 73 0 .5 0 14.35 50 50
5 3 80 .57 16.36 57 43
7 4 82 .85 24.40 85 15
14 j n r tO Z 1 A O1* uJ 28.78 99 1
24 3 92 .97 27.84 97 3
2nd Treatment 4 ppm 6 -1 -7 0
1 3 70 .26 7.46 26 74
3 3 82 .47 13.48 47 53
7 3 81 .96 27.41 95 5
14 3 94 1 .10 31.57 109
22 3 86 .96 27.55 95 5
3rd Treatment 2 .5 ppm 7-13-70
1 2 85 .33 9.33 32 6 8
2 2 80 .90 25.83 90 1 0
3 1 103 .50 14.35 50 50
10 2 114 .87 24.97 86 14
14 2 86 .86 24.68 86 14
22 2 63 1.01 28.99 100
—^ Mean normal a c t i v i t y  = 28.86 ASCh/min/gm
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T a b le  13. C h an n e l c a t f i s h  b r a i n  AChE a c t i v i t y  s u b s e q u e n t to
t r e a tm e n t  w i th  c a rb o f u ra n  in  p o o l s ,  L o u is ia n a  S t a t e
U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Days a f t e r  
treatment
No.
f i s h
x wt. 
brain  
(mg)
A A /
min
ASCh XNor. - 7 %Inh.
1s t  Treatment 0 .1 ppm 5 -7 -70
1 5 78 0.65 18.65 65 35
5 3 71 .64 18.37 64 36
7 3 85 .72 20.66 72 28
14 3 83 .99 28.41 98 2
24 3 83 1 .00 28.70 99 1
2nd Treatment 0 .5 ppm 6-1 -70
1 3 96 .13 3 .58 12 88
3 3 82 .21 6 .01 21 79
7 3 82 .66 18.94 66 34
14 3 86 1.21 34.73 120
22 3 86 .92 26.40 91 9
3rd Treatment 0 .75 ppm 6-23-70
3 3 105 .50 14.35 50 50
10 3 89 .99 28.43 99 1
15 2 94 .92 26.40 91 9
4 th Treatment 0 .75 ppm 7-8-70
1 1 114 .42 11.91 41 59
3 1 103 .64 18.37 64 36
(continued on next page)
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T a b le  13. ( c o n t in u e d )
Days a f t e r  
treatment
No.
f i s h
x wt.
brain
(mg)
A A /
min
ASCh %Nor 7 o In h .
6 2 90 .91 26.12 91 9
7 1 109 .81 33 .24 115
8 2 76 .72 20.66 72 28
15 2 106 .95 27.27 94 6
19 2 70 .82 23.53 81 19
—^ Mean normal a c t i v i t y  = 28 .86  ygM ASCh/min/gm
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  14. C hannel c a t f i s h  b r a i n  AChE a c t i v i t y  su b seq u en t to
t r e a tm e n t  w i th  m ethom yl in  p o o l s ,  L o u is ia n a  S t a t e
U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Days a f t e r  No. x  wt. ,
treatment f i s h  brain  4 ^ /  yuM ASCh %Nor.~ %Inh.
(mg) min
1s t  Treatment 0 .05 ppm 5 -7 -70
1 5 89 0.35 10.04 35 65
5 3 79 .93 26.69 92 8
7 3 94 .64 18.37 64 36
2 nd Treatment 0. 075 ppm 5-15 - 70
1 3 77 .35 10.04 35 65
2 3 74 .42 12.13 42 58
5 3 i ** .62 17.64 61 39
7 3 88 .62 17.79 62 38
9 3 82 .89 25.54 88 12
3rd Treatment 0. 1 ppm 5-23-70
1 3 88 .28 7 .90 27 73
2 3 89 .27 7.80 27 73
6 76 .48 13.63 47 53
L3 3 78 .75 21.57 75 25
>1 3 82 1.13 32.43 112
4 t *1 Treatment 0. 2 ppm 6-18-70
1 3 96 .28 7.92 27 73
2 1 122 .49 14.06 49 51
4 2 98 .56 16.07 56 44
(continued on nt x t  page)
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T a b le  14. ( c o n tin u e d )
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Days a f te r  
treatment
No.
f i s h
x  wt. 
brain  
(mg)
4 A /
min
£M ASCh %Nor.~/ %Inh.
8 3 91 .56 16.07 56 44
11 2 102 .97 27.61 96 4
13 3 132 .59 16.93 59 41
18 2 106 .90 25 .83 89 11
21 2 90 1.01 28.99 100
a /— Mean normal a c t i v i t y  = 28.86 ASCh/min/gm
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  15. C hannel c a t f i s h  b r a i n  AChE r e c o v e ry  in  an  aq uarium
fo llo w in g  a 16 -day  e x p o su re  t o  5 ppm m onocro tophos
in  p o o ls .
Days a f t e r  No. x wt.
treatment f i s h  brain A  A /  ASCh %Nor.— %Inh.
(mg) min
Exposure
I 5 81 0 .37 10.61 37 63
5 3 89 .15 4 .0 4 14 86
7 3 84 .16 4 .53 16 84
14 3 107 .17 4 .93 17 83
16 1 65 .17 4.95 17 83
R ecover/ Test I n i t ia t e d  A fte r  16 Days Exposure
17 1 170 0 .31 8.96 31 69
18 1 76 .47 13.48 47 53
19 1 85 .50 14.35 50 50
20 2 83 .56 16.07 56 44
21 1 101 .57 16.36 57 43
22 1 87 .57 16.36 57 43
24 1 78 .62 17.65 61 39
25 2 84 .67 19.09 66 34
26 1 77 .64 18.37 64 36
27 1 78 .62 17.79 62 38
28 1 116 .74 21.24 74 26
29 1 92 .61 17.50 61 39
(continued on next page)
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T a b le  15. ( c o n t in u e d )
160
Days a f t e r  
treatment
No.
f i s h
x  wt. 
brain  
(mg)
4 A  /
min
ASCh 7oNor.—^ %Inh.
30 1 110 .60 17.22 60 40
31 1 92 .60 17.22 60 40
33 1 93 .64 18.22 63 37
36 1 90 .85 24.40 75 25
—^ Mean normal a c t i v i t y  = 28 .86  ASCh/min/gm
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T a b le  16. C hannel c a t f i s h  b r a i n  AChE re c o v e ry  i n  an  aq u ariu m
fo llo w in g  a 2 -d a y  e x p o su re  t o  0 .5  ppm a z in p h o sm e th y l
i n  p o o ls .
Days a f t e r  
treatment
No.
f i s h
x  wt. 
brain  
(mg)
A  A /
min
ASCh 7oNor %Inh.
1 92
Pre-treatm ent  
1.08  30.99
Exposure
107
0 .5 2 88 0.041 1.15 4 96
1 5 81 .030 .86 3 97
2 1 75 .025 .72 3 97
Recovery Test I n i t ia t e d  A fter  2 Days Exposure
4 1 84 .029 .86 3 97
5 1 81 .020 .57 2 98
6 1 99 .032 .86 3 97
7 1 59 .043 1.15 4 96
8 1 86 .068 2 .01 7 93
10 1 100 .083 2 .38 8 92
11 1 91 .124 3.36 12 88
12 1 90 .302 8.61 30 70
13 1 106 .470 13.48 47 53
14 1 83 .467 13.42 47 53
1 Q i 83 .505 14.49 50 50
16 1 87 .590 16.93 59 41
(continued on next page)
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T a b le  16. (c o n t in u e d )
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Days a f te r  
treatment
No.
f i s h
x  wt. 
brain  
(mg)
6  A/  
min
ASCh %Nor.~ 7 %Inh.
17 2 64 .467 13.42 47 53
18 1 99 .550 15.78 55 45
19 1 90 .710 20.38 71 29
20 2 88 .820 23.53 82 18
—^ Mean normal a c t i v i t y  = 28.86 y&.M ASCh/min/gm
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T a b le  17. C hannel c a t f i s h  b r a i n  AChE re c o v e ry  in  an  aq u ariu m
fo llo w in g  a 3 -d a y  e x p o su re  to  2 .5  ppm d ic r o to p h o s  in
p o o ls .
Days a f t e r  
treatment
No.
f i s h
x w t.  
brain  
(mg)
4  A /
min
ASCh %Nor %Inh.
Pre-treatm ent
3 95 0.55 15.62 54 46
Exposure
3 3 104 .19 5 .51 19 81
Recovery Test I n i t ia t e d A fter  3 Days Exposure
3 .5 1 79 .28 7.89 27 73
4 .5 2 71 .30 8.61 30 70
6 1 84 .36 10.33 36 64
10 2 112 .60 17.22 60 40
13 2 82 .73 20.95 73 27
14 2 93 .62 17.79 62 38
16 2 86 .65 18.65 65 35
17 1 77 .63 18.08 63 37
20 1 96 .78 22.39 78 22
21 1 122 .83 23.68 82 18
23 1 106 .60 17.22 60 40
25 1 104 .63 18.08 63 37
30 2 71 1 .00 28.70 99 1
33 2 66 .86 24.68 85 15
£/Mean normal a c t i v i t y = 28 .86 ^  M ASCh/min/gm
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T a b le  18. C hannel c a t f i s h  b r a i n  AChE re c o v e ry  in  an  aq u a riu m
fo llo w in g  a 2 -d ay  e x p o su re  t o  4 .0  ppm m a la th io n  in  p o o ls .
Days a f te r  
treatment
No.
f i s h
x  wt. 
brain  
(mg)
A A /
min
ASCh %Nor %Inh.
Pre-treatm ent
3 84 0.66 18.94 66 34
Exposure
1 3 77 .16 4 .4 8 16 84
2 1 103 .11 3.27 11 89
Recovery Test I n i t ia t e d A fter  2 Days Exposure
3 .12 1 113 .18 5 .02 17 83
3 1 127 .27 7.63 26 74
4 2 88 .48 13.77 48 52
5 2 78 .46 13.20 46 54
6 2 77 .46 13.05 45 55
8 2 108 .55 15.64 54 46
9 1 134 .46 13.20 46 54
10 1 136 .36 10.33 36 65
11 1 66 .45 12.77 44 56
15 1 100 .64 18.22 63 37
18 1 73 .85 24.39 85 15
21 81 .67 19.23 67 33
33 1 101 .64 18.37 64 36
3  /—‘'Mean normal a c t i v i t y  = 28.86 ASCh/min/gm
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T a b le  19. C hannel c a t f i s h  b r a i n  AChE r e c o v e r y  i n  a n  aq uarium
fo llo w in g  a  3 -d a y  e x p o s u re  t o  1 .7 5  ppm m e th y l p a r a th io n
i n  p o o ls .
Days a f t e r  No. x  wt.
treatment f i s h  brain  A A /  ASCh 7oNor.— %Inh.
(mg) min
Pre-treatm ent
3 83 0.75
Exposure
21.57 75 25
3 3 92 .19 5 .45 19 81
Recovery Test I n i t i a t e d  A fter  3 Days Exposure
3 .1 2 1 142 .23 6.45 22 78
3 .5 1 86 .30 8 .61 30 70
4 .5 2 73 .18 5 .0 2 17 83
6 1 93 .21 6 .03 21 79
10 2 95 .37 10.69 37 63
13 2 91 .48 13.78 48 52
14 2 77 .48 13.78 48 52
16 2 84 .49 14.06 49 51
17 1 90 .49 13.98 48 52
20 1 103 .62 17.79 62 38
21 1 90 .7 0 20.09 70 30
23 1 108 .57 16.36 57 43
25 2 110 .60 17.22 60 40
(continued on next page)
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T a b le  19 . ( c o n t in u e d )
Days a f t e r  
treatm ent
No.
f i s h
x  w t.  
b rain
(mg)
£  A /
min
a M ASCh % N or^ %Inh.
30 2 96 .96 27.55 95 5
34 2 84 .60 17.22 60 40
42 2 101 .97 27.84 96 4
—^  Mean normal a c t i v i t y  = 28.86 a M ASCh/min/gm
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T a b le  .20. C hanne l c a t f i s h  b r a i n  AChE r e c o v e r y  i n  a n  aq u a riu m
f o l lo w in g  a  3 -d a y  e x p o su re  t o  0 .0 5  ppm D ursban  in  p o o ls .
Days a f t e r  No. x  w t. .
treatm ent f i s h  bra in  ^  A /  ASCh %Nor.— %Inh.
(mg) min
Pre-treatm ent  
3 81 0 .25 7 .18  25 75
Exposure
3 3 96 .13 3 .73 13 87
Recovery T est  I n i t ia t e d A fter  3 Days Exposure
3 .5 2 92 .09 2 .70 9 91
4 .5 2 100 .06 1.60 6 94
6 1 87 .06 1.77 6 94
10 2 71 .10 2.87 10 90
13 2 88 .07 2 .07 7 93
14 p 76 .09 2 .5 0 9 91
16 2 92 .08 2 .42 8 92
17 1 66 .09 2.47 2 92
20 1 80 .09 2.47 9 91
21 1 123 .11 3 .01 10 90
23 1 87 .11 3 .16 11 89
25 1 73 .12 3 .44 12 88
30 2 101 .21 5 .89 20 80
34 2 72 .19 5.45 19 81
(continued on next page)
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T a b le  20 . (c o n tin u e d )
168
Days a f te r  
treatment
No.
f i s h
x  wt. 
brain  
(mg)
4 A /
min
^M ASCh %Nor.^ 7dnh.
42 2 100 .21 6.03 21 79
51 2 109 .37 10.61 37 73
65 2 99 .55 15.78 55 45
a /
— Mean normal a c t i v i t y  = 28.86 ^.M ASCh/mitf/gm
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T a b le  2 1 . C hanne l c a t f i s h  b r a i n  AChE re c o v e ry  in  a n  aq u a riu m
fo llo w in g  a  3 -d a y  e x p o su re  t o  2 .5  ppm a l d i c a r b  i n  p o o ls .
Days a f t e r  
treatment
No.
f i s h
x wt. 
brain
(mg)
A a /
min
ASCh /o N o r^ %Inh.
Pre-treatm ent
3 86 1.24 35.59 123
Exposure
3 3 91 .16 4 .4 8 16 84
Recovery Test I n i t ia t e d  A fter  3 Days Exposure
A  1  A
o .  j l Z L
1 A / 1
. L U O .34 S .16 34 66
3 .5 2 114 .98 28.13 97 3
4 .5 2 82 1 .08 30.99 107
6 1 63 .78 22.39 78 22
10 2 90 1.17 33 .80 117
13 2 87 1 .20 34 .40 119
3  /—'Mean normal a c t i v i t y  = 28.86 ^M ASCh/min/gm
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T a b le  2 2 . C hannel c a t f i s h  b r a i n  AChE re c o v e r y  in  a n  a q u a riu m
fo llo w in g  a  1 -d ay  e x p o su re  t o  2 .5  ppm c a r b a r y 1 in  p o o ls .
Days a f t e r  
treatment
No.
f i s h
x  w t.  
brain  
(mg)
^  A /  ^M  ASCh 
min
7oNor.—/ %Inh.
Pre-treatm ent
3 81 0 .90  25.83  
Exposure
90 10
1 2 85 .33 9 .33 32 68
Recovery T est I n i t ia t e d  A fter  1 Day Exposure
3 1 111 .75 21.57 75 25
6 1 144 .64 18.37 64 36
10 2 91 1.01 28.99 100
14 2 86 .86 24.68 86 14
22 2 63 1 .01  28.99 100
a /
— Mean normal a c t i v i t y  = 2 8 . 8 6  &M ASCh/min/gm
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T a b le  23 . C h an n e l c a t f i s h  b r a i n  AChE r e c o v e ry  i n  a n  aq u a riu m
f o l lo w in g  a  1 -d ay  e x p o su re  t o  0 .5  ppm c a rb o f u ra n  in  p o o ls .
Days a f t e r  
treatm ent
No.
f i s h
x  w t.  
brain
(mg)
A A /  gM  ASCh 
min
%Nor %Inh.
Pre-treatm ent
3 89 0 .99
Exposure
28.41 98 2
1 1 114 .42  11.91 41 
Recovery T est  I n i t i a t e d  A fter  1 Day o f  Exposure
59
1 .12 1 92 1.05 30 .14 104
1.5 1 96 .56 14.92 52 48
3 1 63 .94 26.98 93 7
5 1 93 .75 21.57 75 25
6 1 94 .98 28.13 97 3
7 1 105 .84 24 .11 84 16
8 1 92 .81 23.24 81 19
10 2 104 .80 22.96 80 20
15 2 95 1.12 32.14 111
27 2 87 .95 27.27 94 6
s /— Mean normal a c t i v i t y  = 28.86 jg.M ASCh/min/gm
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T a b le  2 4 . C hannel c a t f i s h  b r a i n  AChE re c o v e ry  i n  a n  aq u a riu m
fo llo w in g  a  2 -d a y  e x p o su re  t o  0 .2  ppm m ethcm yl i n  p o o ls .
Days a f t e r  
recovery
No.
f i s h
x  wt. 
brain  
(mg)
4 A /
min
£M  ASCh %Nor.—^ %Inh.
P re-treatm ent
3 82 1.13 32.43 112
Exposure
1 3 96 .28 7 .92 27 73
2 1 122 .49 14.06 51 49
Recovery Test I n i t ia t e d  A fte r  2 Days Exposure
2 .1 2 1. 75 .95 27.27 94 6
3 1 79 .11 3 .01 10 90
4 1 95 .12 nn J • OO 12 88
5 2 94 1.07 30.71 106
6 2 85 .93 26.69 92 8
8 2 70 .97 27.84 96 4
9 1 110 1 .18 33.87 117
10 1 115 .78 22.39 78 22
11 2 87 .86 24.68 85 15
15 2 87 1.05 30.14 104
18 1 96 1.20 34.44 119
21 1 93 1 .00 28.70 99 1
30 1 79 .82 23.53 82 18
35 2 86 1 .00 28.70 99 1
— Mean normal a c t i v i t y - 28. 86 ASCh/min/gm
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T a b le  2 5 s C hannel c a t f i s h  no rm al b r a i n  AChE a c t i v i t y  m easurem ents
ta k e n  d u r in g  th e  p o o l  t r e a tm e n t  t e s t s ,  L o u is ia n a  S ta te
U n iv e r s i ty  Ben Hur Farm , B aton  R ouge, 1970.
Date No. x  w t. AA /
(1970) f i s h  brain min nK  ASCh
(mg)
5 -4 27 87.00 .954 27 .38
5 -8 3 79.00 1.040 29.85
5-12 3 86.00 .950 27.27
5-15 4 77.00 .940 26 .98
5-21 4 84.00 1.080 30.99
6 -1 3 91.00 1 .0 0 0 28 .70
6-2 3 96.00 .960 27.55
6-10 3 98.00 1.130 32.43
6-17 3 80.00 1.210 34.73
6-23 3 104.00 .920 26.40
6-26 2 65.00 1.220 35.02
6-29 3 86.00 1.020 29.27
7-2 3 96.00 .900 25.83
7-7 3 98.00 .800 22.96
7-15 3 83.00 1.050 30.14
7-30 3 86.00 1.100 31.57
8-4 3 101.00 .920 26.40
n  1 o 97.00 .940 26.98
(continued on next page)
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T a b le  2 5 . (c o n t in u e d )
Date
(1970)
No.
f i s h
x  wt.  
brain  
(mg)
^A /  
min ASCh
8-27 3 93 .00 .970 27.84
T ota l = 82 1687 19.124 548.3
x  = - 88.78 1.006 28.86
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  26 . P e r c e n t  o f  c h a n n e l  c a t f i s h  exam ined  e x h i b i t i n g  s c o l i o s i s  (a  l a t e r a l  c u r v a t u r e  o f  th e
s p in e )  a s  a r e s u l t  o f  p o o l t r e a tm e n t s  w i th  c h o l i n e s t e r a s e  i n h i b i t i n g  i n s e c t i c i d e s ,
L o u is ia n a  S t a t e  U n i v e r s i t y  Ben Hur F arm , B a to n  R ouge , 1970.
I n s e c t i c i d e  ______ May_________    June
7 15 23 1 4 9 14 16 18 20 23 26
Azf.nphos-
methyl
a /
*
100
(89)—/
97
(78)
94
(33) _
65
(26)
52
( 21) _ _ _ _ _
Monocroto-
phos
* 25
(61)
20
(67) - - - - - - - - -
Methomyl * 0
(150)* -
0 * 
(53)
0
(44)
o ■ 
(40) -
0
(96) *
15
(89)
5
(83) -
Carbaryl * 17
(94) -
14 ^ 
(49 )*
18
( 101)
4
(25) -
5
(56) -
2
(51) * -
A la ica rb * 0
(62) -
0
(15)*
0
(25)
0
( 20) -
0
( 10) - - 0 * ( 10)*
34
(29)
Methyl
Parathion
* 0
(126) - 0 * (42)*
0
(50)
15
(41) -
13
( 88) •• -
7 * 
(97)
5
(54)
Ma la th io n * 0
(46) -
0 * 
(44)
44
(63)
75
(44)
67
(97)
60
(114)
* 69
(109)
73
( 120) -
Dursban * 0
(76)
0
(31)*
35
(40)
73
(44):
62
(125)
68
(89)
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T a b le  26 . ( c o n t in u e d )
I n s e c t i c i d e    May________       June
7 15 23 1 ; 4 9 14 16 18 20 23 26
D icrotophos * 0
(79) _ (37 )*
0
(51)
3
(36) -
5
(190) - - 7 * (132)* -
Carbofuran * 10
(59) -
7 * 
(41)
38
(32)
60
(25) -
47
(116) - -
34 * 
(90) -
Check F ish 0
(203)
0
(168)
0
(160)
0
(157)
0
(136)
0
(92)
0
(276)
0
(102)
0
(264)
0
(125)
^ . / in d ic a te s  a treatm ent made (See Table I I I .  for  treatm ent d a ta ) .  On days o f  
trea tm en t, counts were made p r ior  to  treatm ent.
^ /F ig u res  in  parenth eses  in d ic a te  number o f  f i s h  examined.
177
Table 27. Brain weight and AChE a c t i v i t y  o f  in d iv id u a l  b l u e g i l l
s u n f ish ,  Lepomis macrochirus. c o l l e c t e d  from Bayou Banials  
(sugarcane ecosystem) on the dates  in d ic a te d .
6 /2 4 /7 0 7 /20 /70 8 /6 /7 0  9 /10 /70
Brain Wt,. AChE Brain Wt. AChE Brain Wt. AChE Brain Wt. AChE
(mg) a c t i v i t y (mg) a c t i v i t y (mg) a c t i v i t y  (mg) activ ity-
53 12.342./ 55 1.87 67 2 .0 9  101 5.02
64 11.77 40 5 .31 68 2 .3 0  116 9.76
80 10.90 27 1.00
36 4 .02
27 2.18
32 3 .30
49 1.09
30 2.87
26 3 .44
25 3 .59
22 3.60
£/AChE a c t i v i t y  expressed in^ M  su b stra te  (ASCh) hyd ro lized  per min per 
gm brain  t i s s u e .
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T ab le  28 . B r a in  w e ig h t  and AChE a c t i v i t y  o f  i n d i v i d u a l  c h a n n e l
c a t f i s h ,  I c t a l u r u s  p u n c t a t u s .  c o l l e c t e d  from  Bayou D a n ia ls
( su g a rc a n e  e c o sy s te m )  on th e  d a t e s  i n d i c a t e d .
6 /2 4 /7 0 ____________ 7 /20 /70_____________ 8 /6 /7 0 ____________ 9 /10 /70_______
Brain Wt. AChE Brain Wt. AChE Brain Wt. AChE Brain Wt. AChE 
(mg) a c t iv i t y  (mg) a c t iv i t y  (mg) a c t iv i t y  (mg) a c t iv i t y
528 1 5 .7 8 ^ 383 10.61 557 12.63 647 14.64
489 19.80 412 6 .17 410 10.33 509 15.21
456 16,93 350 9.47 349 13.48 480 12.34
490 15.78 325 5 .31 377 8.04 425 13.78
428 16.50 304 7.89 312 17.50 453 16.65
403 18.08 284 10.61 313 16.65 473 15.78
375 20.38 342 7.60 341 18.94 323 20.66
444 18.37 259 11.19 213 14.06 295 19.80
273 20.66 289 19.95 189 13.48 255 23.82
326 18.08 273 12.34 177 16.93 239 24.11
338 18.08 192 17.22 194 16.93 318 18.08
378 19.80 192 14.21 319 18.08
438 19.23 163 17.22 228 22.39
451 18.37 170 10.47 215 23.24
338 23,53 149 8 .18 197 21 .81
350 20.38 167 22.10 180 22.67
397 19.23 157 8.61 175 27.84
335 20.66 144 18.94 166 25.25
299 21.34 140 8.32 116 26.98
270 20.66 114 18.08 164 24.11
345 21 .24
331 20.09
260 18.65
233 19.80
152 23 .24
215 21.81
173 24.68
136 24.68
126 27.84
99 27.27
—^ AChE a c t iv i t y  expressed in^M  su b stra te  (ASCh) h yd rolized  per min per 
gm brain  t is s u e .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
179
T a b le  29 . B r a in  w e ig h t  and  AChE a c t i v i t y  o f  i n d i v i d u a l  g i z z a r d  sh a d ,
Dorosoma cep ed ian u m , c o l l e c t e d  from  Bayou D a n la l s
( s u g a r c a n e  e c o sy s te m )  on t h e  d a t e s  i n d i c a t e d .
6 /2 4 /7 0 7 /2 0 /7 0 8 /6 /7 0 9 /1 0 /7 0
Brain Wt.
(rag)
. AChE 
a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
264 11 .4 8 1 / 211 6 .60 275 10.61 184 13.48
254 11.91 190 9.47 236 12.91 217 12.63
278 10.76 191 12.63 258 10.61 210 12.34
274 10.19 146 12.05 235 10.04 191 11.77
217 12.06 96 5 .05 226 12.34 134 11.48
209 13.78 124 13.48 207 16.96 145 13.48
201 9 .47 135 9 .18 137 13.48 175 12.63
295 15.50 167 12.91 104 16.65 164 12.34
78 10.04 152 10.90 64 20 .95 167 12.63
81 8 .21 133 6 .89 59 12.63 159 13.20
126 10.62 134 11.48 59 12.05 163 13.20
62 10.62 49 12.34 60 14.92
100 8 .49 47 12.63 61 14.06
132 12.63 39 17.50 58 15.78
131 12.91 74 14.35 63 12.34
125 11.34 46 11.48 64 12.63
123 15.64 43 15.78 47 13.78
161 12.91 49 21 .81 51 16.65
63 16.36 65 14.64 53 14.06
48 19.80 56 18.08 47 14.92
55 17.50 49 18.94 40 18.08
51 15.50 45 20.09 44 19.23
57 20.95 49 16.07 53 17.22
37 22.96 60 11.19
40 24 .40 44 18.37
42 21 .24 42 16.65
34 27 .84
39 20.09
—^ AChE a c t iv i t y  expressed  in^M  su b str a te  (ASCh) h yd ro lized  per min per 
gm brain  t i s s u e .
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Table 30 . Brain w eight and AChE a c t iv i t y  o f  in d iv id u a l b lu e g i l l  
su n fish , Lepomis m acrochirus. c o l le c te d  from Lake S t .  
P eter  Canal (co tton -soyb ean  ecosystem ) on the d ates  
in d ic a te d .
6 /2 3 /7 0 7 /2 8 /7 0 8 /2 4 /7 0
Brain Wt. AChE Brain Wt. AChE Brain Wt. AChE
(mg) a c t iv i t y (mg) a c t iv i t y (mg) a c t iv i t y
199 9.762./ 112 12.05 32 5 .17
104 13.78 145 10.61 10 6.03
112 11,48 48 10.90
85 10.62 50 12.05
77 10.62 24 13.48
74 12.63 34 16.94
66 12.05 32 17.79
58 13.20 39 13.20
56 11.77 32 13.48
53 10.61
48 12.05
27 6 .60
25 6 .60
20 9 .18
24 11.19
29 10.04
41 6 .89
22 8 .61
34 12.34
—/AChE a c t iv i t y  expressed  in^M  su b str a te  (ASCh) h y d ro lized  per min per 
gm brain  t i s s u e .
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T a b le  3 1 .  B r a in  w e ig h t  and  AChE a c t i v i t y  o f  i n d i v i d u a l  b l u e g i i l
s u n f i s h ,  Lepomis m a c r o c h i r u s , c o l l e c t e d  from  B ig  Choctaw
Bayou ( c o t t o n - s o y b e a n  e c o sy s te m )  on th e  d a t e s  i n d i c a t e d .
6 /2 3 /7 0 7 /2 8 /7 0 8 /24 /70
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. 
(mg)
AChE
a c t iv i t y
26 6.31—^ 129 10.61 150 7.46
18 8 .04 132 10.61 138 8.47
14 13.78 107 10.61 145 8.04
33 10.61 100 8 .61 117 8.04
51 12.91 65 14.06 119 5.17
39 9 .18 39 10.61 121 7.46
28 11.19 45 9.76 86 6.89
33 14.06 49 14.06 112 9 .18
32 8 .0 4 55 13.20 86 7 .46
38 12.34 38 14.06 60 7.18
43 11.77 41 6.03
29 7.75
23 7.75
22 9 .47
56 11.77
56 8.32
52 9.47
66 10.42
57 11.19
88 8 .61
68 9 .76
—^ AChE a c t iv i t y  expressed  in^ M  su b stra te  (ASCh) h yd ro lized  per min per 
gm brain  t i s s u e .
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T a b le  32 .  B r a in  w e ig h t  and AChE a c t i v i t y  o f  i n d i v i d u a l  c h a n n e l
c a t f i s h ,  I c t a l u r u s  p u n c t a t u s , c o l l e c t e d  from  B ig  Choctaw
Bayou ( c o t to n - s o y b e a n  e c o sy s te m )  on th e  d a t e s  i n d i c a t e d .
6 /2 3 /7 0 7 /2 8 /7 0 8 /2 4 /7 0
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
370 1 8 .8 0 ^ 296 20 .38 248 23 .24
473 16.22 187 22 .10 192 27.24
374 16.07 240 14.06 200 22.40
359 16.65 125 25 .25 230 22.81
352 20 .38 204 22 .81
305 19.80 170 23.53
220 20.09
241 19.80
267 19.66
271 20.95
213 20.95
206 22.10
240 22.10
214 20.09
196 21.57
207 22.10
169 22.67
167 22.96
218 20.66
185 20.66
189 20.66
162 25.83
134 20.66
139 24.40
a /— AChE a c t iv i t y  expressed  inyfcM su b stra te  (ASCh) h yd ro lized  per min per 
gm brain  t i s s u e .
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T a b le  3 3 .  B r a in  w e ig h t  and AChE a c t i v i t y  o f  i n d i v i d u a l  g i z z a r d  sh a d ,
Dorosoma ceped ianum , c o l l e c t e d  from  B ig  Choctaw Bayou
( c o t to n - s o y b e a n  e c o sy s te m )  on th e  d a t e s  i n d i c a t e d .
6 /2 3 /7 0 7 /28 /70 8 /24 /70
Brain Wt. 
(rag)
AChE
a c t iv i t y
Brain Wt. 
(rag)
AChE
a c t iv i t y
Brain Wt, 
(rag)
AChE
a c t iv i t y
23 2 5 .2 5 * / 270 8.61 226 11.19
30 26.98 278 10.04 310 16.65
O  A  £0 32.72 222 8 .89 322 10.90
41 21.57 189 8.04 290 10.04
35 13.78 144 6 .03 231 11.48
34 18.65 226 9 .47 84 17.22
23 20.09 200 6 .89 66 17.22
35 22.39 231 10.04 70 16.36
31 21 .24 194 10.62 49 8.47
23 21.24 154 11.48 36 12.91
257 10.90 130 10.90 29 14.92
210 8 .61 42 13.78 55 8.32
168 14.06 34 18.65 46 14.35
166 14.06 40 20.38 51 9.76
125 15.78 52 12.63 47 17.50
123 15.50 46 16.65 25 16.36
129 16.36 43 15.78 33 19.80
124 16.07 30 16.65
86 16.07 19 22.96
67 15.50
—/ AChE a c t iv i t y  expressed  in^M  su b stra te  (ASCh) hydrolized  per min per 
gm b rain  t i s s u e .
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T ab le  34 . B r a in  w e ig h t  and AChE a c t i v i t y  o f  i n d i v i d u a l  b l u e g i l l
s u n f i s h ,  Lepomis m a c r o c h i r u s , c o l l e c t e d  from  Tensas
R iv e r  ( c o t to n - s o y b e a n  e c o sy s te m )  on th e  d a t e s  i n d i c a t e d .
6 /23 /70 7 /28 /70 8 /2 4 /7 0
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt, AChE 
(mg) a c t iv i t y
Brain Wt. 
(mg)
AChE
a c t iv i t y
123 10 .042 / 52 8 .61 112 7.46
72 10.61 26 12.91 43 10.90
48 10.61 46 10.04
42 11.77
49 12.44
28 14.35
27 10.90
16 13.48
24 8.76
15 10.33
—/AChE a c t iv i t y  expressed  in^M  su b stra te  (ASCh) h yd rolized  per min per 
gm brain  t i s s u e .
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T a b le  35 . B r a in  w e ig h t  and AChE a c t i v i t y  o f  i n d i v i d u a l  g i z z a r d  s h a d ,
Dorosoma ceped ianum , c o l l e c t e d  from  T ensas  R iv e r  ( c o t t o n -
soybean  e c o sy s te m )  on th e  d a t e s  i n d i c a t e d .
6 /2 4 /7 0 7 /2 8 /7 0 8 /2 4 /7 0
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. 
(mg)
AChE
a c t iv i t y
22 19 .3 3 2 / 281 10.90 213 13.20
20 30 .71 29 17.79 237 12.91
24 22.10 24 22 .39 234 12.91
19 26.90 33 16.65 252 12.34
15 23.24 34 17.79 251 12.05
17 23.82 31 21 .24 43 18.09
21 13.20 33 17.50 36 23.24
17 19.52 19 16.94 32 17.50
19 24.68 34 9 .18
20 22 .39 28 17.22
16 23 .24 19 26.98
17 25.25 20 31.28
20 20.66 21 19.80
22 22.96 18 20.09
22 23.82
19 24.68
19 22.96
24 20.09
24 24.40
19 27.55
16 27.55
19 25.54
21 22.67
—/ AChE a c t iv i t y  expressed  in^M  su b stra te  (ASCh) h yd rolized  per min per 
gm brain  t i s s u e .
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Table 36 . Brain w eight and AChE a c t iv i t y  o f  in d iv id u a l b lu e g i l l  
s u n f ish , Lepomis m acrochirus. c o l le c t e d  from Ben Hur 
Lake (c o n tr o l area) on th e  d a tes  in d ic a te d .
7 /1 6 /7 0 8 /6 /7 0 8 /1 3 /7 0 8 /2 7 /7 0
B rain  Wt, 
(mg)
. AChE 
a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
133 10.61—/ 101 7.03 110 6 .95 88 10.04
130 11.48 104 7 .18 58 9 .1 8 92 9 .47
123 10.04 103 7.46 66 8 .3 2 104 8 .04
169 7 .18 77 7 .46 60 8 .8 9 84 7.75
154 8 .89 66 6 .60 66 7 .18 98 7.75
118 10.61 49 13.78 64 7 .18 59 7.75
110 7 .46 39 7.03 50 8 .6 1 41 7.46
105 9 .76 43 5 .7 4 52 8 .8 9 53 6 .60
138 9 .18 48 5 .45 41 9 .6 2 52 7.75
97 10.04 25 9 .18 50 10.33 43 8 .61
60 10.61 64 4 .3 1 37 10.04 47 9 .76
56 13.78 55 6 .03 34 12.49
71 11.77 50 7 .46
60 14.35 35 7 .75
73 10.33 37 7 .17
50 13.20
49 12.91
57 21 .24
58 12.63
44 15.21
33 13.78
— AChE a c t iv i t y  exp ressed  in^M  su b str a te  (ASCh) h yd ro lized  per min per
jSjUl 3Lii tisSU S •
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Table 37 . Brain w eight and AChE a c t iv i t y  o f  in d iv id u a l channel 
c a t f i s h ,  I c ta lu r u s  p u n cta tu s. c o l le c te d  from Ben Hur 
Lake (c o n tr o l area) on th e  d a tes  in d ic a te d .
6 /2 5 /7 0 7 /1 6 /7 0 8 /1 3 /7 0 8 /2 7 /7 0
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
Brain Wt. AChE 
(mg) a c t iv i t y
103 26.40® / 80 25.83 116 28.13 314 22.10
70 29 .85 114 24.97 108 26.40 347 22.67
84 27 .27 86 24.68 123 26 .98 118 23.53
82 28.13 63 28.99 92 26 .40 132 25.25
85 31 .28 91 28 .99 104 27 .27 91 26.98
114 24.40 130 25.25 90 30 .42 103 27.55
81 25.83 90 27.55 122 28.13 119 28.99
150 24 .11 60 30.42 114 31 .28 113 29.56
150 27.55 140 24 .97 101 29.85
120 28.70 139 26 .69 80 28.70
154 28 .4 1
156 29.56
175 24.40
200 24 .40
250 23.39
—/AChE a c t iv i t y  expressed  i n s u b s t r a t e  (ASCh) h y d ro lized  per min per 
gm b ra in  t i s s u e .
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Table 38 . Brain w eight and AChE a c t iv i t y  o f  in d iv id u a l g izzard  shad, 
Dorosoma cepedianum, c o l le c te d  from Ben Hur Lake (co n tro l  
area) on the d ates in d ic a te d .
7 /1 6 /7 0 8 /1 6 /7 0 8 /27 /70
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt. 
(mg)
AChE
a c t iv i t y
Brain Wt, 
(mg)
AChE
a c t iv i t y
55 14 .92^ / 79 16.65 73 17.50
58 14.35 61 15.50 62 17.79
42 12.91 59 14.35 57 17.50
36 11.48 44 22.10 79 14.64
42 16.07 56 20.66 50 19.23
55 12.05 49 16.07 53 19.80
45 18.37 76 14.64 36 20.09
26 14.64 47 16.36 34 25.25
43 8 .61 45 14.35 31 24.40
57 12.91 51 16.65 31 24.68
28 13.48 55 16.07 32 15.78
31 20.09 35 19.23 25 20.66
44 13.48 22 22.10
43 19.80
32 15.78
37 22.39
21 17.79
24 20 .38
32 19.23
—/AChE a c t iv i t y  expressed  in^g,M su b stra te  (ASCh) hydrolized  per min per 
gm brain  t i s s u e .
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Table 39. L east squares ad ju sted  AChE a c t iv i t y  means, a n a ly s is  o f  
covarian ce, and r e g r e ss io n  a n a ly s is  fo r  b lu e g i l l  s t n f i s h ,  
Lepomis m acrochirus, c o l le c t e d  from Ben Hur Lake (co n tro l  
a r e a ) .
Date Days S ince No. L east Squares Standard
  June 1 F ish  A djusted AChE Mean Error
7 /1 6 /7 0 46 21 12.29 0 .46
8 /6 /7 0 67 15 6 .82 0 .53
8 /1 3 /7 0 74 12 8 .4 8 0 .59
8 /2 7 /7 0 88 11 8 .28 0 .60
L east Squares A n alysis  o f  Covariance:
Source d f Mean Sauare "F"
T otal 58
Date 3 85.54 21.29 **
Brain Wt. 1 75.34 18.76 **
Error 54 4 .0 2
** S ig n if ic a n t  a t  1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x -  days s in c e  June 1
Y = 53 .37  -  0 . S24x + 0.0C62x2 -  6 .5 4 (1 .8 )  
C o e ff ic ie n t  o f  determ ination  (R^) = 49.5%
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Table 40 . L east squares ad ju sted  AChE a c t iv i t y  means and a n a ly s is  
o f  covariance fo r  channel c a t f i s h ,  I c ta lu r u s  p u n cta tu s, 
c o l le c te d  from Ben Hur Lake (c o n tr o l a r e a ) .
Da te Days S ince  
June 1
No.
F ish
L east Squares 
A diusted  AChE Mean
Standard
Error
6 /2 5 /7 0 25 10 25.67 0 .59
7 /1 6 /7 0 46 8 25.72 0 .69
8 /1 3 /7 0 74 15 27.82 0 .49
8 /2 7 /7 0 88 10 27.02 0 .59
L east Squares A n a ly sis  o f  Covariance:
Source d f Mean Square iipii
T otal 42
Date 3 6 .47 1.927 N .S.
Brain Wt. 1 102.67 30.590 **
Error 38 3 .36
** S ig n if ic a n t  a t  1% le v e l
No R egression  A n a ly sis  Due To 
N o n -s ig n if ic a n t  V a ria tio n  o f  AChE 
With Date o f  C o lle c t io n .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
191
T able 4 1 . L east squares a d ju sted  AChE a c t iv i t y  means, a n a ly s is  o f  
co v a r ia n ce , and r e g r e ss io n  a n a ly s is  fo r  g izza rd  shad, 
Dorosoma cepedianum. c o l le c t e d  from Ben Hur Lake (c o n tr o l  
a r e a ) .
Date Days S in ce  No. L east Squares Standard
  June 1 F ish  A djusted AChE Kean Error
7 /1 6 /7 0  46 19 15 .08  0 .6 9
8 /6 /7 0  67 13 18 .10 0 .8 3
8 /2 7 /7 0  88 12 19 .90  0 .8 4
L east Squares A n a ly sis  o f  Covariance:
Source o f
43
2
1
40
Mean Square
T otal 
Date
Brain Wt.
Error
** S ig n if ic a n t  a t  th e 1%> le v e l
86 .18
126.86
1 *7 7 ! !i?
10.224 ** 
15.050 **
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x  = days s in c e  June 1
Y = 28 .9 4  + 0 .1159x  -  1 1 .6 6 (1 .6 3 )
C o e f f ic ie n t  o f  determ ination  (R^) = 41.84%
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Table 42 . L east squares ad ju sted  AChE a c t iv i t y  means, a n a ly s is  o f  
covarian ce , and r eg r ess io n  a n a ly s is  fo r  b lu e g i l l  su n f ish ,  
Lenomis m acrochirus, c o l le c t e d  from Bayou D anials  
(sugarcane ecosystem ).
Date Days S in ce  
June 1
No.
F ish
L east Squares 
A dlusted AChE Mean
S tandard 
Error
6 /2 4 /7 0 24 3 12.86 0 .898
7 /2 0 /7 0 50 11 2 .6 5 0 .460
8 /6 /7 0 67 2 3 .4 8 1.076
9 /1 0 /7 0 102 2 7 .3 6 0 .980
L east Squares A n a ly sis  o f  Covariance:
Source d f Mean Square iij.it
T otal 17
Date 3 69.32 36 .04  **
Brain Wt. 1 16.42 8.54  *
Error 13 1.92
* S ig n if ic a n t  a t  the 5% le v e l  
** S ig n if ic a n t  a t  the 1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x  = days s in c e  June 1
Y = 25 .29  -  .6 9 s  + ,0051x2
C o e f f ic ie n t  o f  determ ination  (E^) = 82.22%
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Table 43 . L east squares ad ju sted  AChE a c t iv i t y  means, a n a ly s is  o f  
co v a rian ce , and r e g r e ss io n  a n a ly s is  fo r  channel c a t f i s h ,  
Ic ta lu r u s  p u n cta tu s. c o l le c te d  from Bayou D anials  
(sugarcane ecosystem ).
Date Days S in ce  
June 1
No.
F ish
L east Squares 
A diusted AChE Mean
Standard
Error
6 /2 4 /7 0 24 30 21.08 0 .5 1
7 /2 0 /7 0 50 20 11.29 0 .6 4
8 /6 /7 0 67 11 14.91 0 .83
9 /1 0 /7 0 102 20 20.47 0 .62
L east Squares A n a lysis  o f  Covariance:
Source df Mean Square »F"
T ota l 80
Date 3 44 0 .1 57.73 •k-k
Brain Wt. 1 682.34 89.50
Error 76 7 .62
** S ig n if ic a n t  a t  the 1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x = days s in c e  June 1
Y = 70 .11  -  0 .7 14x + ,00566x2 -  1 4 .5 6 (2 .4 4 )
C o e f f ic ie n t  o f  determ ination  (R^) = 67.6%
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Table 44 . L east squares ad ju sted  AChE a c t iv i t y  means, a n a ly s is  o f  
covarian ce , and re g r e ss io n  a n a ly s is  fo r  g izzard  shad, 
Borosoma ceoedianum. c o l le c te d  from Bayou D anials  
(sugarcane ecosystem ).
Date Days S ince  
June 1
No.
F ish
L east Squares 
A diusted AChE Mean
Standard
Error
6 /2 4 /7 0 24 28 15.02 0.588
7 /2 0 /7 0 50 26 12.68 0.619
8 /6 /7 0 67 23 13.99 0.652
9 /1 0 /7 0 102 11 15.05 0.989
L east Squares A n alysis  o f  Covariance:
Source d f Mean Square "F"
T otal 87
Date 3 26.73 2 .76  *
Brain Wt. 1 560 .34  5 7 .9 1 * *
Error 83 9.67
* S ig n if ic a n t  a t  the 5% le v e l  
** S ig n if ic a n t  a t  the 1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x = days s in c e  June 1
Y = 36 .48  -  . 145x + .0012x2 -  9 .5 0 (1 .9 8 )
C o e ff ic ie n t  o f  determ ination  (R^) = 41.42%
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Table 45 . L east squares ad ju sted  AChE a c t iv i t y  means, a n a ly s is  o f  
co v a r ia n ce , and r e g r e ss io n  a n a ly s is  fo r  b lu e g i l l  su n f ish , 
Lepcmis m acrochirus, c o l le c te d  from Lake S t .  P eter  Drainage 
Canal (cotton-soybean  ecosystem ).
Date Days S in ce No. L east Squares Standard
  June 1 F ish  Adjusted AChE Mean Error
6 /2 3 /7 0  23 19 10 .49 0 .52
7 /2 8 /7 0  58 9 13 .37 0 .75
8 /2 4 /7 0  85 2 5 .9 3  1.72
L east Squares A n a lysis  o f  Covariance:
Source d f Mean Square "F"
T otal 29
Date 2 49 .80  9 .815 **
Brain Wt. 1 1 .35 0 .267  N .S.
Error 26 5 .07
** S ig n if ic a n t  a t  the 1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x = days s in c e  June 1
Y = .681 + .565x - .00597x2 
C o e f f ic ie n t  o f  determ ination  (R^) = 46.6%
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T a b le  46
Date
6 /2 3 /7 0
7 /2 8 /7 0
8 /2 4 /7 0
L east squares ad ju sted  AChE a c t iv i t y  means and ana Lysis 
o f  covarian ce fo r  g izzard  shad, Poresoma cepedianum, 
c o l le c t e d  from Lake S t .  P eter  Drainage Canal (c o tto n -  
soybean eco sy stem ).
Days S in ce  
June 1
No.
F ish
L east Squares 
A djusted AChE Mean
Standard
Error
23 27 15.39 0 .36
58 18 17.95 0 .4 4
85 No shad c o l le c t e d
L east Squares A n a lysis  o f  C ovariance:
Source d f Mean Sauare tipi.
T ota l 44
Date 1 70.74 20.08 **
Brain Wt. 1 860.02 244.13 **
Error 42 3.52
** S ig n if ic a n t  a t  the 1% le v e l
No R egression  A n a ly sis  Due To 
Only 2 D ates o f  C o lle c t io n .
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Table 47 . L east squares ad justed  AChE a c t iv i t y  means, a n a ly s is  o f  
covarian ce , and r e g r e ss io n  a n a ly s is  fo r  b lu e g i l l  su n fish ,  
Lepomis m acrochirus, c o l le c t e d  from B ig  Choctaw Bayou 
(cotton -soyb ean  eco sy stem ).
Date Days S ince No. L east Squares Standard
  June 1 F ish  A djusted AChE Mean Error
6 /2 3 /7 0 23 20 10.06 0.477
7 /2 8 /7 0 58 10 11.65 0.620
8 /2 4 /7 0 85 11 7 .50 0.670
L east Squares A n a ly sis  o f  Covariance:
Source d f Mean Sauare "F»
T ota l 41
Date 2 4 1 .8 4 11.32 **
Brain Wt. 1 0 .3 4 0 .093  N .S.
Error 38 3 .6 9
** S ig n if ic a n t  a t  th e 1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x = days s in c e  June 1 
Y = 4 .8 7  + .3Q2x -  .0032x2
9 .
C o e f f ic ie n t  c f  determ ination  (R“) = 41.2%
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Table 48 . L east squares adjusted  AChE a c t iv i t y  means, a n a ly s is  o f  
covarian ce, and reg r ess io n  a n a ly s is  fo r  channel c a i f i s h ,  
Ic ta lu r u s  p u ncta tu s, c o l le c te d  from B ig Choctaw Bayou 
(cotton -soyb ean  ecosystem ).
D ate Days S in ce No. L east Squares Standard
  June 1 F ish  A djusted AChE Mean Error
6 /2 3 /7 0 23 24 20.88 0 .37
7 /2 8 /7 0 58 4 19.84 0 .90
8 /2 4 /7 0 85 6 23.19 0 .74
L east Squares A n a ly s is  o f  Covariance:
Source d£ Mean Square »'F»
T otal 33
Date 2 16.61 5 .15  *
Brain Wt. 1 106.65 33 .06  **
Error 30 3 .23
*  S ig n if ic a n t  a t  th e  5% le v e l  
** S ig n if ic a n t  a t  th e  1% l e v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x -  days s in c e  June 1
Y = 57 .04  -  0 . 230x +  0 .0025x2 -  1 3 .7 0 (2 .3 5 )  
C o e f f ic ie n t  o f  determ ination  (R^) = 61.18%
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Table 49 . L east squares ad justed  AChE a c t iv i t y  means, a n a ly s is  o f  
covarian ce, and reg r essio n  a n a ly s is  fo r  g izza rd  shad, 
Dorosoma cepedianum, c o l le c te d  from B ig  Choctaw Bayou 
(cotton-soybean  eco sy stem ).
Date Days S ince No. L east Squares
  June 1 F ish  Adjusted AChE Mean
6 /2 3 /7 0  23 20 17.56
7 /2 8 /7 0  58 17 13.15
8 /2 4 /7 0  85 19 13.89
Standard
Error
0.789
0 .87
0 .80
L east Squares A n a lysis  o f  Covariance:
Source
T otal
Date
Brain Wt. 
Error
df
55
2
1
52
Mean Square '*F"
101.29
546.28
12.20
8 .301  **  
44 .770  **
** S ig n if ic a n t  a t  the 1% le v e l
R egression  Equation:
Where Y = AChE a c t iv i t y ;  x  = days s in c e  June 1
Y = 40.176 -  0 .327x  + 0 .00248x2 - 8 .6 7 (1 .8 9 )
C o e ff ic ie n t  ox determ ination  (R ) = 60.26%
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Table 50 . L east squares ad justed  AChE a c t iv i t y  means and a n a ly s is  
o f covarian ce r e s u lt s  fo r  b lu e g i l l  s u n f ish , Lepomis 
m acrochirus. c o l le c te d  from Tensas R iver (cotton-soybean  
eco sy stem ).
Date Days S in ce No.
  June 1 F ish
6 /2 4 /7 0  23 10
7 /2 8 /7 0  58 2
8 /2 4 /7 0  85 3
L east Squares Standard
A djusted AChE Mean Error
11.20  0 .56
10.65 1.25
9 .9 6  1.07
L east Squares A n a ly sis  o f  Covariance:
Source i f Mean Square
iipn
T ota l 14
Date 2 1 .64 0 .526  N .S.
B rain Wt. 6 .8 9 2.,203 N .S.
Error . 11 3 .1 3
No R egression  A n a ly sis  Due To 
N o n -s ig n if ic a n t  V aria tion  o f  AChE 
With Date o f  C o lle c t io n .
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T a b le  51 .
Date
6 /2 4 /7 0
7 /2 8 /7 0
8 /2 4 /7 0
L east squares ad ju sted  AChE a c t iv i t y  means and a n a ly s is  of 
covariance r e s u l t s  fo r  g izzard  shad, Dorosoma cepedianum, 
c o l le c t e d  from Tensas R iver (co tton -soyb ean  ecosystem ).
Days S in ce  No. L east Squares Standard
June 1 F ish  A djusted AChE Mean Error
23 23 2 1 .6 1  0 .8 5
58 8 18 .43  1 .31
85 14 2 0 .0 4  1 .01
L east Squares A n a ly s is  o f  Covariance:
Source d f Mean Square "F"
T ota l 44
Date 2 26 .90  1 .99  N .S.
B rain  Wt. 1 309.99 2 2 .9 0 * *
Error 41 13.53
** S ig n if ic a n t  a t  th e  1% le v e l
No R egression  A n a lysis  Due To 
N o n -s ig n if ic a n t  V aria tio n  o f  AChE 
With Date o f  C o lle c t io n .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
VITA
Frank L yle  C arter was born a t  Andrews, T exas, November 19, 1942.
He graduated from B o o n ev ille  High S ch oo l, B o o n ev ille , Arkansas in  
1961. From September 1961 through May 1965 he attended  the U n iv ersity  
o f  Arkansas in  F a y e t t e v i l l e  where he was awarded h is  Bachelor o f  
S cien ce  degree w ith  a major in  Entomology.
He r e -e n ter ed  th e  U n iv e r s ity  o f  Arkansas in  September 1965 and 
rec e iv ed  th e  M aster o f  S c ien ce  degree w ith  a major in  Entomology in  
January 1968.
In  September 1967, he entered  L ouisiana S ta te  U n iv ers ity  and 
A g r ic u ltu r a l and M echanical C o llege where he was awarded a N ation a l 
S cien ce  Foundation T ra in eesh ip . He i s  p r e se n tly  a cand idate fo r  th e  
Doctor o f  P h ilosophy degree in  Entomology.
On September 12 , 1964 he m arried Joyce R u s s e ll  o f Jonesboro, 
A rkansas. They have two c h ild r en ; Susan, 4 years and Andrea, 10 months.
202
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
EXAMINATION AND THESIS REPORT
Candidate: Frank L yle Carter
Major Field: Entomology
Title of Thesis: In Vivo S tu d ies o f  Brain A ce ty lc h o lin e ste r a se  In h ib it io n  by 
Organophosphate and Carbamate I n s e c t ic id e s  in  F ish
Approved:
;or and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
-7
Date of Examination: 
_________ May 13, 1971
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
